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THE PSYCHOLOGICAL SIGNIFICANCE OF THE CONCEPT 
OF “AROUSAL” OR “ACTIVATION” 


ELIZABETH DUFFY 


The Woman’s College of the University of North Carolina 


The concept of “arousal,” “activa- 
tion,” or “energy mobilization,” as de- 
veloped by the writer over a period of 
many years (7, 9, 10, 11, 13), and em- 
ployed by others in various contexts 
(15, 18, 25, 40), has wide applicability 
in psychology. A fuller discussion of 
the topic will be presented elsewhere. 
Pending its appearance, however, it may 
be of interest to point out some of the 
areas which this concept should serve to 
illuminate. 

It has been argued in previous papers 
(10, 12) that all variations in behavior 
may be described as variations in either 
the direction? of behavior or the in- 
tensity of behavior. Only one part of 
this argument is essential for the pres- 
ent purpose. Whatever may be the re- 
action to the attempt to reduce the de- 
scriptive categories of psychology to two 


1The terms “activation” and “arousal,” as 
used here, do not refer specifically to the ac- 
tivation pattern in the EEG. On the con- 
trary, they refer to variations in the arousal 
or excitation of the individual as a whole, as 
indicated roughly by any one of a number of 
physiological measures (e.g., skin resistance, 
muscle tension, EEG, cardiovascular measures, 
and others). The degree of arousal appears 
to be best indicated by a combination of 
measures. 

2“Direction” in behavior refers merely to 
the fact that the individual does “this” rather 
than “that,” or responds positively to certain 
cues and negatively to others. 


basic types of concept, we can proceed 
without dispute provided only it is 
agreed that intensity is a characteristic 
of behavior which can be abstracted and 
studied separately. It is the intensity 
aspect of behavior which has been vari- 
ously referred to as the degree of excita- 
tion, arousal, activation, or energy mo- 
bilization. 

I have argued that such abstraction 
from the totality of behavior is a neces- 
sary procedure if the psychologist is to 
be enabled to manipulate variables in 
a way likely to provide solutions to some 
of his problems. Confusion of the direc- 
tion of behavior with the intensity of 
behavior, resulting in their fortuitous 
combination in certain psychological con- 
cepts (10) and in the “trait” names 
used to describe personality (12), was 
suggested as a possible basis for some 
of the unrewarding findings in many 
psychological investigations. Since the 
intensity of response can vary independ- 
ently of the direction of response, it was 
proposed that it should be measured in- 
dependently and its correlates investi- 
gated. 

Perhaps a parallel may be seen in the 
analysis of sensory function.’ Before 


8 For this suggestion of a parallel, I am in- 
debted to Dr. R. B. Malmo, who, in the fall 
of 1955, was kind enough to read the major 
portion of my manuscript for a forthcoming 
book, and to discuss it with his staff. 
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progress could be made in the study of 
sensation and its physical correlates, it 
was necessary to separate the dimension 
of intensity from that of other sensory 
characteristics. In audition, for exam- 
ple, loudness was distinguished from 
pitch, and was related to a different type 
of variation in the physical stimulus. 
In vision, brightness was separated from 
hue, and each of these aspects of vision 
was related to the appropriate type of 
variation in the stimulus. Little prog- 
ress in the understanding of sensation 
could have been made until suitable ab- 
stractions from the total sensory ex- 
perience had been achieved, and these 
identifiable aspects of the totality had 
been investigated separately. 

Measurement of the intensity of re- 
sponse (i.e., the degree of excitation, 
arousal, activation, or energy mobiliza- 
tion), it has been pointed out, may be 
achieved, at least in rough fashion, 
through various means (9, 10, 13, 15). 
Among the physiological measures which 
may be employed are skin conductance, 
muscle tension, the electroencephalogram 
(EEG), pulse rate, respiration, and 
others. These measures show intercor- 
relations, although the correlation co- 
efficients are not always high since there 
is patterning in the excitation of the in- 
dividual, the nature of which appears to 
depend upon the specific stimulus situa- 
tion and upon organic factors within the 
individual.* Nevertheless, there is evi- 
dence also of “generality” of the excita- 
tion. Hence a concept of arousal, or 
energy mobilization, appears to be justi- 
fied. 

It should be noted that the physio- 
logical measures which serve as indicants 
of arousal, and which correlate at least 
to some degree with each other, include 


*The patterning of excitation is discussed 
more fully in the manuscript referred to in 
Footnote 3. It is believed that a more ade- 
quate concept of excitation, or activation, is 
thereby developed. 
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measures of autonomic functions, of 
skeletal-muscle functioning, and of the 
functioning of the higher nerve centers. 
It is clear that it is the organism, and 
not a single system, or a single aspect of 
response, which shows arousal or ac- 
tivation. 

The historical roots of the concept of 
activation lie in Cannon’s concept of 
“energy mobilization” during “emotion” 
(3). Unlike Cannon’s concept, however, 
the present concept of activation or 
arousal is designed to describe the in- 
tensity aspect of all behavior (10, 12). 
Referred to as the “degree of excita- 
tion,” it was, in 1934, defined as “the 
extent to which the organism as a whole 
is activated or aroused” (9, p. 194). 
Both its definition and its proposed 
mode of measurement have in more re- 
cent publications followed the line sug- 
gested at that time (10, 13). When, 
however, studies of the electroencepha- 
logram provided data on the behavioral 
correlates of changes in the EEG, it 
was sugggested that this measure also 
provided an indication of the degree of 
arousal (13). 

To those unfamiliar with the concept 
of activation, confusion frequently arises 
between the degree of internal arousal 
(referred to by the concept) and the 
vigor and extent of overt responses. 
While the degree of internal arousal 
usually correlates fairly closely with the 
intensity of overt response, a discrep- 
ancy between the two may be introduced 
by the intervention of inhibitory proc- 
esses, a phenomenon which has not re- 
ceived the degree of attention to which 
it is entitled. An additional source of 
confusion is the tendency on the part of 
some to confuse activation or excitabil- 
ity with vitality. Actually, it is sug- 
gested that these two characteristics are 
more likely to be negatively related than 
to be positively related. The tendency 
to be frequently and intensely aroused 
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leads no doubt to fatigue and to a con- 
sequent reduction in vitality. 

The chief point in regard to arousal, 
which I have repeatedly made (10, 11, 
12, 13), is that arousal occurs in a con- 
tinuum, from a low point during deep 
sleep to a high point during extreme ef- 
fort or great excitement, with no distin- 
guishable break for such conditions as 
sleep or “emotion.” Evidence support- 
ing this contention has been presented 
specifically for skin conductance, muscle 
tension, and the EEG (13). Recently 
Lindsley has elaborated upon the con- 
ception as it applies to the EEG (25), 
although earlier, in his “activation the- 
ory of emotion” (24, pp. 504-509), he 
had been of the opinion that “emotion” 
and sleep were conditions which were 
correlated with certain changes in the 
EEG, while conditions intermediate be- 
tween the two were held to be as yet 
unexplained. 

The factors which produce variations 
in the degree of arousal are various. 
They include, apparently, drugs, hor- 
mones, variations in physical exertion, 
and variations in what is commonly re- 
ferred to as the degree of motivation. 
It appears that differences in the degree 
of arousal in different individuals may 
have a genetic or an environmental ba- 
sis, or both. This conclusion is sug- 
gested from animal studies and from 
the relatively few studies of human be- 
ings in which the problem has been con- 
sidered. 

One of the potential contributions to 
psychology of the concept of arousal is 
that of breaking down the distinction be- 
tween “drives” or “motives” and “emo- 
tion” (10, 11). The same kinds of 
physiological changes may be observed 
to occur in these variously designated 
conditions, and, depending upon the de- 
gree of arousal, to produce the same 
sorts of effect upon behavior. It has 
been contended that “emotion” is in no 
sense a unique condition, and that our 
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investigations should not be directed to- 
ward the study of “emotion” as such 
(9). 

In the study of “motivation,” the con- 
cept of arousal is of distinct service. 
By means of the physiological measures 
which serve as indicants of arousal, we 
may secure a direct measure of the de- 
gree (intensity) of “motivation.” ® Any 
other measure must of necessity be less 
direct. When all factors affecting the 
level of arousal except the degree of in- 
centive value or threat value are held 
constant, measurement of the degree of 
arousal affords a measure of the “mo- 
tivating” value of a given situation. It 
also affords, incidentally, an objective 
measure of what is called the “stress” 
imposed by a situation. 

Physiological measurements made in a 
wide variety of situations have shown 
the expected correspondence between the 
degree of arousal and the apparent de- 
gree of significance of the situation— 
i.e., its incentive value or its threat value 
(13). For example, men undergoing 
flight training were found to show more 
tension of the muscles during the solo 
stage of training than during other 
stages, and during the maneuvers of take- 
off and landing than during other ma- 
neuvers (39). Galvanic skin responses 
obtained during replies to questions 
about provocative social problems were 
found to be smaller if the replies were 
in harmony with group opinion than if 
they were not, and “Yes” responses were 
found in general to be associated with 
smaller galvanic reactions than “No” re- 
sponses (34). 

The concept of activation holds fur- 

5 The concept of “motivation,” as currently 
employed, is a “compound” concept which in- 
corporates a description of both the “drive 
level,” or arousal aspect, of behavior ahd also 
the direction taken by behavior, ie., the selec- 
tivity of response. These two aspects of be- 
havior may vary independently, though both 
are characteristically affected by a certain 
stimulus-condition such as hunger. 
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ther significance for psychology by vir- 
tue of the fact that variations in the de- 
gree of activation are, on the average, 
accompanied by certain variations in 
overt response.® The degree of activa- 
tion appears to affect the speed, the in- 
tensity, and the coordination of re- 
sponses. In general, the optimal degree 
of activation appears to be a moderate 
one, the curve which expresses the re- 
lationship between activation and qual- 
ity of performance taking the form of 
an inverted U. This conclusion, as it 
relates to muscular tension and perform- 
ance, was suggested by me in 1932 (8, 
pp. 544-546), by Freeman in several 
papers published around that time (15), 
and later by Courts (4). That it holds 


also for other indicators of the degree 
of activation is suggested by Freeman’s 
finding that skin resistance and reaction 
time, measured simultaneously on a sin- 
gle subject for 105 trials over a number 
of days, gave an inverted U-shaped curve 
when plotted on a graph (14). 


More 
recently the EEG has been found to 
show the same sort of relationship to 
reaction time (22). 

The effect of any given degree of ac- 
tivation upon performance appears to 
vary, however, with a number of fac- 
tors, including the nature of the task to 
be performed and certain characteristics 
of the individual—such as, perhaps, the 
ability to inhibit and coordinate re- 
sponses under a high degree of excita- 
tion (8). Organismic interaction is the 
basic explanatory principle suggested to 
account for the particular effects upon 
performance of various degrees of ac- 
tivation. Such organismic interaction 
may also, it appears, have some effect 
upon sensory thresholds. Again the pos- 
sibility presents itself that the relation- 
ship may take the form of an inverted 
U-shaped curve. 


6 These studies are reviewed in the manu- 
script referred to in Footnote 3. 
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When performance has been observed 
to vary under certain conditions, such as 
those of drowsiness, of fatigue, or of 
“emotion,” it is suggested that the varia- 
tion may be due, at least in part, to 
the effect of varying degrees of arousal. 
The disorganization of responses fre- 
quently reported during “overmotiva- 
tion” or “emotion,” for example, may 
be conceived of as resulting in part 
from too high a degree of arousal. Such 
a condition would be represented at one 
end of the U-shaped curve. A simi- 
lar disorganization of responses, found 
sometimes (uring drowsiness or fatigue, 
would be represented at the other end 
of the curve showing the relationship 
between arousal and performance. In 
any case, it seems clear that prediction 
of overt response to a given set of stimu- 
lating conditions can be increased in ac- 
curacy when there is knowledge of the 
degree of internal arousal. 

It appears also that, under similar 
stimulation, individuals differ in the de- 
gree of their arousal and in the speed 
with which they return to their former 
level of functioning. Moreover, there is 
evidence of consistency in this individual 
variation. Apparently the individual who 
responds with intensity in one situation 
will, on the average, respond with in- 
tensity in other situations also, as com- 
pared with other individuals. While the 
degree of arousal varies with the situa- 
tion, the rank in arousal tends to be pre- 
served. Different individuals appear to 
vary around different central tendencies 
—i.e., to differ in responsiveness. The 
easily aroused, or more responsive, indi- 
vidual has been found to show this re- 
sponsiveness in many different forms, 
some of which will be described below. 

For instance, subjects who showed a 
large number of galvanic skin responses 
when there was no observable stimula- 
tion also showed less adaptation of the 
galvanic skin response (GSR) to re- 
peated stimulation (33). 
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Similarly, the frequency of the alpha 
rhythm in normal adults has been re- 
ported to show a significant relation- 
ship to ratings on the behavioral con- 
tinuum called “primary-secondary func- 
tion” (32). Individuals in whom the 
alpha rhythm was more rapid tended to 
show more “primary functioning,” or 
to be “quick, impulsive, variable, and 
highly stimulable.” Those with rela- 
tively low frequencies of the alpha 
rhythm tended to show more “second- 
ary functioning,” or to be “slow, cau- 
tious, steady, with an even mood and 
psychic tempo. . . .” Mundy-Castle hy- 
pothetically ascribed these behavioral 
differences to differences in excitability 
within the central nervous system, the 
“primary functioning” individuals show- 
ing the greater excitability. A difference 
in neural excitability was also suggested 
as the explanation of his finding that 
there was a significant difference in the 
EEG activity evoked by rhythmic pho- 
tic stimulation between subjects with a 
mean alpha frequency above 10.3 cycles 
per second and those with a mean alpha 
frequency below that rate.’ He of- 
fered the same explanation of the greater 
incidence of “following” ® in the beta 
range by those subjects showing little 
alpha rhythm, even when the eyes were 
closed, as compared with those subjects 
showing persistent alpha rhythms (32). 

Gastaut and his collaborators have 
also reported individual differences in 
cortical excitability (17). While their 
major purpose was not the investigation 

TIt is believed, he says, that “electrical 
rhythms in the brain can be initiated or aug- 
mented by a process similar to resonance; in 
other words, if an area of the brain is sub- 
jected to rhythmic impulses corresponding to 
its own latent or actual frequency, it may it- 
self oscillate for as long as stimulation is main- 
tained” (33, p. 319). It is thought that the 
area may also be activated by stimulation har- 
monically related to its own. 

8 “Following” refers to electri-al responses 
in the cortex occurring at the stimulus fre- 
quency. 
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of individual differences, they made the 
incidental observation that calm indi- 
viduals had a slow, high-voltage alpha 
rhythm (8-10 c./s.), with little “driv- 
ing” of occipital rhythms by photic 
stimulation. Neurons showed a long re- 
cuperation time, synchrony of response 
was said to be noticeable, and recruit- 
ment poor. “Nervous” individuals, on 
the other hand, were said to have a high- 
frequency, low-voltage alpha rhythm 
(10-13 c./s.), which at times was not 
perceptible. They were described as 
having a short neuronal recuperation 
time, little synchrony of response, good 
recruitment, and considerable driving 
by photic stimulation. In other words, 
“calm” as compared with “nervous” in- 
dividuals showed less cortical excit- 
ability. 

Differences in the EEG’s of differ- 
ent individuals under similar stimulat- 
ing conditions appear to be correlated 
also with differences in another form of 
responsiveness—i.e., differences in the 
threshold of deep reflexes. It has been 
reported that normal subjects with deep 
reflexes which are difficult to elicit 
showed a high percentage of alpha ac- 
tivity and little or no fast activity, 
while those with deep reflexes which 
were hyperactive had little alpha activ- 
ity and a high percentage of fast ac- 
tivity (21). However, while groups at 
the two extremes of reflex responsive- 
ness differed significantly in the percent- 
age of alpha activity, there was wide 
variation in the extent of such activity 
within any one of the groups formed on 
the basis of reflex status. Amplitude of 
rhythm was observed to be greatest in 
EEG records showing pronounced alpha 
activity. 

Proneness to develop anxiety under 
stress, which may perhaps be regarded 
as a form of hyperresponsiveness, has 
been found, in both normal subjects and 
psychiatric patients, to be associated 
with a significantly smaller percentage 
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of resting brain-wave activity in the 
alpha region when this activity is de- 
termined by automatic frequency analy- 
sis (35). The anxiety-prone groups 
showed more fast activity (16-24 c./s.), 
or more slow activity, (3—7 c./s.), below 
the alpha range. The significance of the 
slow activity is not as clear as that of 
the fast activity. Fast activity may be 
presumed to be indicative of a high 
level of excitation. It has been ob- 
served, for example, at the beginning of 
EEG recording in normal subjects who 
are unusually apprehensive about the 
procedure, and it has been found to dis- 
appear with reassurance and the attain- 
ment of relaxation (24). It appears at 
least possible that the slow activity may 
be due to fatigue from previous states of 
intense arousal. 

In an investigation employing prison 
farm inmates, schizophrenics, and con- 
trol subjects, to whom a group of psy- 
chological tests were given, it was re- 


ported that EEG activity above 16-20 
c./s. appeared in significant amounts 
only in the records of those who, as 
rated by the psychological tests, showed 


anxiety to a marked degree (20). Slow 
activity was said not to be very preva- 
lent, but when it did occur, to be found 
most often among the patients. 

These and other studies suggest that 
anxiety-proneness may be conceived of 
as a form of overarousal or hyperre- 
sponsiveness.. The EEG’s of the anx- 
iety-prone seem very similar in most in- 
stances to the EEG’s of other subjects 
whose exceptional responsiveness to the 
environment is indicated by active re- 
flexes, or by ratings on “primary func- 
tion.” 

Degree of tension of the skeletal 
muscles is another indicator of respon- 
siveness, or ease and extent of arousal, 
in which differences between individuals 
have been found. In almost every in- 
vestigation in which tension of the 
skeletal musculature has been measured, 
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wide differences between individuals in 
the degree of tension have been noted.° 
In the same stimulus situation, one in- 
dividual would respond with a relatively 
low degree of tension, another with a 
moderate degree, and a third with a high 
degree of tension. Moreover, when ob- 
served in a different stimulus situation, 
the subjects, while varying in their ab- 
solute level of tension, would tend to 
preserve their ranks with respect to ten- 
sion of the muscles. It was thus shown 
that different individuals vary around 
different central tendencies, so that one 
individual might be characterized as be- 
ing in general tense, and another as be- 
ing in general relaxed. 

In early studies of muscular tension, 
the writer found, in two separate in- 
vestigations, that nursery school chil- 
dren showed marked individual differ- 
ences in grip pressure while engaged in 
various tasks, and that there was a sig- 
nificant correlation between the grip 
pressure on one occasion and that on 
another, and during one task and dur- 
ing another (6,7). Grip pressure scores 
were found to be independent of the 
strength of grip as indicated by dyna- 
mometer scores, but to be related to rat- 
ings on excitability and on adjustment 
to the nursery school, the tense children 
being rated as more excitable and, on 
the average, less well adjusted. 

Arnold also found that individuals 
tended to preserve their rank in the 
group with respect to pressure from the 
hand during repetition of the same task 
and during the performance of different 
tasks (2). 

A study of airplane pilots in training 
revealed that some showed excessive 
muscle tension (pressure on stick and 
on rudder pedal) in both take-offs and 


® Differences in muscle tension will, for the 
purposes of this discussion, refer to differences 
in pressure exerted by some group of muscles 
or to differences in electric potentials from 
muscles. 
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landings, while others showed little ten- 
sion on either maneuver (39). No in- 
dividuals were found who in general 
tended to be tense during take-offs 
alone or during landings alone. 

Further evidence that individuals who 
are more highly activated than others 
in one stimulus situation, as indicated 
by tension of the skeletal muscles, are 
more responsive to a wide variety of 
stimuli, is presented in studies by Lund- 
ervold (26). “Tense” subjects, as com- 
pared with “relaxed” subjects, were 
found to show more activity in the 
muscles when external conditions were 
changed, as by an increase in noise, 
the lowering of the room temperature, or 
the introduction of certain stimuli which 
caused irritation or anger. In these per- 
sons, there was not only more activity in 
the single muscle, but also electrical ac- 
tivity in more muscles, including muscles 
which did not participate directly in the 
movement. At the end of thirty minutes 
of noise, fifty per cent of the tense sub- 
jects, as compared with none of the re- 
laxed subjects, showed more action po- 
tentials than they had shown before the 
noise began. 

A similar relationship between muscu- 
lar tension and another form of respon- 
siveness was earlier shown by Freeman 
and Katzoff, who found a significant 
correlation between grip-pressure scores 
and scores on the Cason Common An- 
noyance Test (16). Subjects with higher 
pressure scores tended to be more fre- 
quently or intensely annoyed—i.e., to 
show greater responsiveness of the sort 
referred to as “irritability.” 

It appears that, on the whole, skele- 
tal-muscle tension in one part of the 
body tends to be positively related to 
that in other parts of the body, though 
the relationship between the tension in 
any two areas may not be very close. 
Parts of the body more remote from 
each other, or more widely differentiated 
in function, yield tension measures which 
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are less closely related than those which 
are closer together or functionally more 
similar. When tension measures taken 
from different parts of the body, re- 
corded during different tasks, or made 
at widely separated intervals of time, 
nevertheless show a significant positive 
correlation with each other, it must, 
however, be concluded that there is at 
least some degree of “generality” in 
skeletal-muscle tension. Moreover, from 
measuring the responsiveness of the 
skeletal-muscle system, we may appar- 
ently predict to some extent the re- 
sponse of highly integrated systems of re- 
action described as “personality traits.” 
Indeed, in a study in which no direct 
measure of muscular tension was em- 
ployed, but in which ratings on muscu- 
lar tension and measures of sixteen 
physiological variables were intercorre- 
lated and submitted to factor analysis, 
a factor defined as muscular tension 
showed correlation with certain person- 
ality characteristics (36). 

Since conditions of high activation 
may perhaps increase the likelihood of 
disorganization of motor responses, it is 
not surprising that measures of tremor 
and other forms of motor disorganiza- 
tion have been found to be related to 
the severity of conflicts (31) and to 
neuroticism (1, 19, 23, 28, 29, 30). 
Measures of irregularity in pressure ap- 
pear to be among the measures which 
discriminate best between a normal and 
a psychiatric population, a finding which 
might be expected if, as suggested by 
the writer (8) and by Luria (27), ir- 
regular pressure tracings are indicative 
of poor coordination or lack of control 
of responses. 

Other indicants of arousal have also 
been shown to be related to more com- 
plex forms of response. For example, 
it has been said that a reasonably ac- 
curate prediction of a person’s respira- 
tory rate at a given time during a flight 
could be made on the basis of knowl- 
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edge of his “normal” respiratory rate 
and the name of the maneuver to be 
performed (39). 

Similarly, when an “autonomic factor” 
was obtained from twenty physiologi- 
cal measures related to the functioning 
of the autonomic nervous system, it was 
found that individuals differed greatly 
in scores on this factor, but that the 
correlation coefficient between early and 
later factor scores did not drop below 
.64 over a two-year period (38). Chil- 
dren at one extreme of the autonomic- 
factor scores were reported to differ sig- 
nificantly from those at the other ex- 
treme in certain personality traits (37). 

Individuals differ, not only in the de- 
gree of excitation produced by stimula- 
tion, but also in the speed with which 
the processes affected return to their 
prior level of functioning. Moreover, 
differences in recovery time cannot be 
accounted for solely by differences in 
the degree of arousal, for they are found 
when recovery is measured in relation 
to the degree of arousal. Darrow and 
Heath, who first made use of this meas- 
ure, computed a “recovery-reaction quo- 
tient” by dividing the extent of recovery 
in skin resistance by the extent of de- 
crease in resistance which had occurred 
as a result of stimulation (5). The re- 
covery-reaction quotient was reported to 
be related to many different measures 
of “ ‘neurotic’ and emotionally unstable 
tendencies.” The investigators con- 
cluded that it was one of their best 
indicators of the absence of neurotic 
trend, but that the coefficients of cor- 
relation were not high enough to justify 
the use of the measure for prediction in 
individual cases. It would appear that 
the speed of recovery from arousal is an 
extremely significant aspect of response, 
and one which deserves further investi- 
gation. 

Individuals who are exceptionally re- 
sponsive to the environment may show 
their responsivity in behavior which, 
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from a directional point of view, may 
be described in diverse ways. A tend- 
ency toward a high degree of arousal 
does not determine which aspects of the 
environment an individual will approach 
or will have a tendency to approach 
(i.e., have a favorable attitude toward) ; 
nor does it determine which aspects of 
the environment he will withdraw from 
or have a tendency to withdraw from 
(i.e., have an unfavorable attitude to- 
ward). On the contrary, the orienta- 
tion of the individual in his environment 
is determined largely by other factors. 
These are, of course, the factors, both 
genetic and environmental, which have 
given to various aspects of his environ- 
ment the nature of their significance, or 
their ‘“cue-function.”” There are, never- 
theless, differences in the way in which 
approach or withdrawal occurs which 
may conceivably be derived from differ- 
ences in the level of activation. Among 
these appear to be differences in such as- 
pects of behavior as alertness, impul- 
siveness, irritability, distractibility, and 
the degree of organization of responses. 
Moreover, greater responsiveness may, it 
is suggested, facilitate the development 
of aggression or withdrawal, enthusiasm, 
or anxiety. The more responsive indi- 
vidual in a certain kind of environment 
is no doubt more susceptible to the ef- 
fects of that environment. Presumably 
he may become, depending upon circum- 
stances, more anxiety-prone, more con- 
scientious, more sympathetic, more de- 
voted, or more irascible than a less re- 
sponsive person would become under 
similar circumstances. We should there- 
fore expect to find some association be- 
tween a high degree of activation and 
easily aroused or intense responses of 
various kinds (e.g., anxieties, resent- 
ments, enthusiasms, or attachments). 
From knowledge of the individual’s tend- 
encies with respect to activation we 
should not, however, be able to pre- 
dict the direction which his behavior 
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would take. A more dependable asso- 
ciation might be expected between in- 
dividual differences in excitability and 
differences in the “dynamic” character- 
istics of behavior such as those men- 
tioned above. 

The effect of a high degree of arousal 
upon overt behavior varies, no doubt, 
with variations in the degree of inhibi- 
tory ability (9), or, as Luria has de- 
scribed it, with variations in the strength 
of the “functional barrier” between ex- 
citation and response (27).7° Depend- 
ing upon this factor, a high degree of 
activation may, I suggest, lead to im- 
pulsive, disorganized behavior or to sen- 
sitive, alert, vigorous, and coordinated 
responses to the environment. Evidence 
in support of these statements is at pres- 
ent so meager, however, as to leave them 
in the category of speculations. It is to 
be hoped that further investigation will 
provide the basis for a more confident 
statement of the relationship between 
“personality” characteristics and indi- 
vidual differences in the level of activa- 
tion. 

SUMMARY 


The concept of arousai or activation 
appears to be a significant one for the 


ordering of psychological data. Differ- 
ences in activation, as shown in a wide 
variety of physiological measures, ap- 
pear to be associated with many other 
differences in response. 

In different stimulus-situations, the 
same individual differs in the degree of 
arousal. Measurement of the physio- 
logical indicants of arousal affords, when 


10 Luria reports that children show weak- 
ness of the functional barrier between excita- 
tion and motor response, as indicated by poor 
performance on a test requiring that a key be 
pressed down as slowly as possible (28). The 
writer noted that, during a discrimination 
performance, younger nursery school children, 
with irregular grip-pressure tracings, had a 
higher proportion of their errors in -the cate- 
gory of “impulsive” errors, or errors of over- 
reaction (8). 
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other factors are constant, a direct meas- 
ure of the “motivating” or “emotional” 
value of the situation to the individual. 
The concept serves to break down the 
distinction between the arousal aspect 
of “drives” or “motives” and that of 
“emotion,” and to suggest instead a 
continuum in the degree of activation 
of the individual. 

Differences in activation in the same 
individual are, it is suggested, accom- 
panied by differences in the quality of 
performance; the relationship may be 
graphically represented by an inverted 
U-shaped curve. Further data are 
needed, however, to establish the va- 
lidity of this hypothesis. 

In the same stimulus situation there 
are differences between individuals in 
the degree of arousal. These differences 
tend to persist, and thus to characterize 
the individual. Moreover, the easily 
aroused, or responsive, person shows this 
responsiveness in many forms. It has 
been observed in the ease with which 
deep reflexes are elicited, and in the ex- 
tent, frequency, and duration of reac- 
tions to stimulation, both of the skele- 
tal musculature and of various functions 
controlled by the autonomic nervous sys- 
tem. It has been shown also in differ- 
ences in cortical potentials, which are 
presumably indicative of differences in 
the excitability of higher nerve centers. 
These various forms of responsiveness 
show, in general, positive intercorrela- 
tions, though the coefficients of correla- 
tion are apparently not high enough for 
a measure of any one mode of re- 
sponsiveness to serve as an adequate 
measure of the general responsivity of 
the individual. They appear, however, 
to give justification to the conception of 
a responsive or an unresponsive indi- 
vidual, not merely responsive or unre- 
sponsive skeletal musculature, skin re- 
sistance, or cortical potentials. 

Differences in arousal are shown also 
in responses of greater inclusiveness and 
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higher integration—i.e., in responses 


frequently classified as personality traits. 
Combining with one or another direc- 
tional aspect of behavior, a persistent 


hi 


gh degree of arousal may, it appears, 


be observed in many complex character- 
istics, such as anxiety-proneness or ag- 
gressiveness. 


Facts such as those presented above 


suggest that the concept of activation 


m 


ay prove useful in many different 


areas of psychology. 


nm 
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During the past two decades there 
has been a growing interest in objective 
physiological studies of psychiatric pa- 
tients. In this work, one of the most 
prominent psychological concepts has 
been that of anxiety. Although there is 
general agreement that the areas de- 
noted by the term “anxiety” are impor- 
tant ones for study, there is nonethe- 
less considerable disagreement concern- 
ing what the term means. In large 
measure, this semantic difficulty is part 
of a larger problem facing psychology 
today, and that is to find a way out of 
the confusion surrounding the concepts 
of motivation and emotion. Duffy has 


cogently argued that these concepts are 
second-order ones which reduce to pri- 


mary factors of intensity and direction, 
and that along the intensity dimension, 
at least, the distinction between motiva- 
tion and emotion is unnecessary (9, 10, 
11). 

This is not to say that the directional 
aspect is not important or to deny that, 


1 This paper reviews work which was sup- 
ported by the Medical Research and Develop- 
ment Division, Office of the Surgeon General, 
Department of the U. S. Army, under Con- 
tract Number DA 49-007-MD-626, by De- 
fence Research Board Grant Number 9425-04 
(Canada), and by Grant Number AP. 29 
from the National Research Council of Canada. 

2The author is indebted to Drs. A. K. 
Bartoshuk, D. Bindra, F. R. Brush, D. E. 
Cameron, D. O. Hebb, and R. G. Stennett for 
criticizing earlier drafts of this paper. 

8TI do not wish to imply that this has been 
Duffy’s only theoretical contribution. Her 
writings contain prior reference to a dimen- 
sion of behavioral intensity (conceived as a 
continuum of “arousal,” or “activation”); and 
she has previously cited evidence to support 
the argument that physiological measures may 
serve as the chief means of quantifying such 
a dimension or continuum. 


in terms of direction, meaningful dis- 
tinctions may be made between motiva- 
tion and emotion, and indeed between 
different emotions. However, for pres- 
ent purposes it is essential to focus on 
the question of what these phenomena 
have in common rather than to consider 
their differences; in this paper, there- 
fore, we shall be primarily concerned 
with the intensity dimension. 

The main purpose of the present pa- 
per is to consider recent experimental 
data in an attempt to find a way out of 
the present confusion. I shall begin 
with a summary of two lines of investi- 
gation in our laboratory, dealing first 
with our discovery that certain physio- 
logical measures may serve as indicants 
of intensity or “behavioral arousal.” 
These experiments were performed with 
nonpatient subjects. Second, in sum- 
marizing our investigations of patho- 
logical anxiety in psychiatric patients, 
I shall attempt to use the concept of 
behavioral arousal in an integrative way. 
Third, I shall draw on data from recent 
neurophysiological investigations to in- 
dicate possible mechanisms involved in 
the pathology and etiology of anxiety. 
Finally, on the basis of these theoretical 
considerations, I suggest problems re- 
quiring further experimental study. 


PHYSIOLOGICAL INDICANTS OF 
BEHAVIORAL INTENSITY 


In 1951 we (31) reported finding a 
gradient phenomenon from electromyo- 
graphic (EMG) recording during mirror 
tracing. Since that time the phenome- 
non has been observed under various 
conditions in our laboratory. Figure 1 
presents mirror-drawing data from a 
study by Bartoshuk (1). Note that the 
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chin lead (which taps the speech mus- 
cles) also shows a gradient—that is, pro- 
gressively rising muscle potentials from 
the beginning to the end of the task. 
Bélanger (3) found similar gradients 
from the arm in a size-discrimination 
task. Wallerstein (42) found gradients 
in the frontalis muscle in a task about 
as completely devoid of motor com- 
ponents as one could possibly design. 
The subject, reclining on a comfort- 
able bed, listened to verbal material 
(short detective story or essay) pre- 
sented to him by a tape recorder. In 
Wallerstein’s experiment, the gradients 
extended over ten minutes and their 
steepness was related to the subject’s 
reported degree of interest in listening 
(2, p. 228 f.). ' 
Bartoshuk (2) was the first to show 
that the fastest and most accurate sub- 
jects (i.e., superior performers on mirror 
tracing) produced the steepest muscle- 
potential gradients. Such a relationship 
of EMG gradients to motivation has 
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Fic. 1. Graphs showing mean EMG gradi- 
ents in Bartoshuk’s experiment (1). Note 
that gradient was also obtained from chin 
lead which records from muscles of speech. 
N=17. 
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been confirmed by three subsequent 
studies, employing tracking tasks. Sur- 
willo (39) demonstrated that raising in- 
centive had the effect of increasing the 
steepness of EMG gradients in a visual 
tracking experiment. Figure 2 presents 
confirmatory data from a more recent 
experiment by Stennett (37) who em- 
ployed auditory tracking under four con- 
ditions, with increasing degrees of incen- 
tive. Note that the muscle potentials 
were recorded from the nonactive, left 
arm. His “exertion” condition merely 
involved the subject’s holding the track- 
ing knob over at a fixed point in order 
to control for sheer physical work. Un- 
der the “calibration” condition the sub- 
ject believed that he was just assisting 
with calibration of the apparatus, and 
that his tracking scores were not being 
recorded. The “optimal” condition was 
designed to motivate the subject suffi- 
ciently to elicit his most efficient per- 
formance, whereas the “incentive” con- 
dition was designed to “overmotivate”’ 
the subject by offering large bonuses for 
high-level performance and threatening 
with strong electric shock if performance 
did not reach this high level. The dif- 
ferences shown in the figure were sta- 
tistically significant. In brief, Stennett’s 
findings indicated that the most effi- 
cient tracking performance was associ- 
ated with intermediate physiological lev- 
els (i.e., intermediate steepness of EMG 
gradients and intermediate levels of pal- 
mar skin conductance). With lower 
levels of physiological functioning (less 
steep gradients, lower levels of pal- 
mar skin conductance), performance on 
tracking was inferior. However, going 
now to the other extreme, performance 
on tracking associated with extremely 
high EMG gradients and extremely high 
palmar skin conductance was also in- 
ferior to tracking performance associ- 
ated with moderately high levels of 
physiological functioning. 
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If we consider our physiological meas- 
ures as indicants of arousal level, we 
may say that performance suffered in 
the first instance because of under- 
arousal (or poor motivation), while in 
the second instance it suffered from 
overarousal (or emotional interference). 
In short, as Stennett has previously 
stated (37), we believe that the concept 
of arousal leads us in the direction of 
working out (empirically) a continuum 
of behavioral intensity which promises 
to have the very desirable feature of in- 
tegrating the concepts of motivation and 
emotion. From available data it ap- 
pears that physiological measures, such 


Graphs from Stennett’s experiment (37), showing mean EMG 
gradients obtained under conditions varying in degree of incentive. 
ness of gradient varies directly with degree of incentive. 


Steep- 
N =31. 


as palmar skin conductance, EEG* and 
gradients in skeletal muscle tension, 
heart rate, blood pressure and respira- 
tion (26) should provide reliable meas- 
ures of the arousal variable. The ob- 
jective nature of the physiological meas- 
ures is a highly desirable feature which 
frees the worker from dependence upon 
merely manipulating situations in the 


4Stennett (38) has found that the relation- 
ship of alpha amplitude to arousal level is 
nonlinear. On the lower end of the arousal 
continuum the relationship is positive, such 
that raising arousal leads to increasing alpha 
amplitude; but past the middle range of 
arousal the relationship becomes inverse. This 
latter function is the better known one. 
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hope that he is producing intended 
changes in the arousal level of his sub- 
jects. Moreover, the physiological in- 
dicants have the further advantage that 
they may be applied to work with ani- 
mals as well as with human subjects, 
and may thus serve usefully to bridge 
the gap, in the field of motivation, be- 
tween work on human and on infrahu- 
man subjects. 

A word should be said concerning the 
different physiological measures which 
have served as indicants of behavioral 
arousal. Although gradient steepness has 
proved a very useful measure, level of 
palmar skin conductance seems equally 
promising. As a matter of fact, even 
with EMG, the correlation between av- 
erage EMG level and gradient steepness 
is usually so high that it is meaningless 
to ask which is a better indicant. We 
still have much to learn concerning the 
application of physiological techniques 
to our problems. It may be that, as 
Lacey’s work suggests (23), for most 
accurate assessment of arousal, special 
consideration should be given to indi- 
vidual differences in relative reactivity 
of different physiological systems. 

Following the usage of Freeman (15) 
and Hebb (18), the term “arousal” is 
used to refer to the intensive dimension. 
I am aware that the term “arousal” is 
used by some EEG workers to denote 
flattening of an EEG tracing (e.g., 8, p. 
132). When I use the term, I use it in 
a much broader sense, as a dimension of 
behavior, and I am not using this term 
to refer to the EEG phenomenon called 
“arousal” or “activation.” It is for this 
reason that I specify behavioral arousal 
in the title of this paper. As investiga- 
tive work proceeds, it may become heu- 
ristic to make a definite distinction be- 
tween physiological arousal and behav- 
ioral intensity. Granting this possibility, 
I believe that for present purposes it 
may be preferable to accept a rather 
broad operational definition of the in- 
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tensity dimension, in which level of 
physiological activity, arousal, and in- 
tensive level are employed as roughly 
synonymous terms. 

In short, the physiological measures 
appear to be useful tools in establishing 
and precisely quantifying a dimension of 
behavioral intensity. Indeed, I regard 
such objective measures as nearly indis- 
pensable to the achievement of a really 
satisfactory operational definition of be- 
havioral intensity. In the absence of 
such objective measures, it is difficult to 
see how circularity can be avoided. Con- 
siderable work is required, of course, in 
working out the intensity dimension, and 
while present results are indeed encour- 
aging, many further data are required. 
It may be helpful just here to relate the 
arousal continuum to the intensity di- 
mension which Boring described (4). 
While Boring’s main concern was with 
sensation, I believe that it is appropriate 
to consider that operations of measure- 
ment comparable in precision to those 
of psychophysics may be possible in the 
field of action. 


EXPERIMENTAL STUDIES WITH 
PSYCHIATRIC PATIENTS 


Having elucidated the concept of 


arousal with these reference experi- 
ments, we are now in a favorable posi- 
tion to take a fresh look at the data 
comparing patients and nonpatients with 
respect to level of physiological reaction 
under controlled stimulating conditions. 
At the outset, we may say that the chief 
impression which one gets in going over 
all of these data is that, under “stress,” 
psychoneurotic patients appeared to 
show a higher level of physiological re- 
action than controls, and that level of 
reaction seemed particularly high in pa- 
tients suffering mainly from pathologi- 
cal anxiety. By pathological anxiety, I 
mean a state of such severity that work 
efficiency is seriously affected over long 
periods of time, and a state which is 
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characterized by one or more of the fol- 
lowing complaints: persistent feelings of 
“tension” or “strain,” “irritability,” “un- 
remitting worry,” “restlessness,” “inabil- 
ity to concentrate,” “feelings of panic in 
everyday-life situations.” I should like 
to make it very clear that I do not em- 
ploy the term “anxiety” to refer to 
transient affective states. When I use 
the term I am talking about a patho- 
logical condition which—as far as we 
can determine—develops slowly, over 
months or years, and from which re- 
covery (when it occurs) is also slow 
and gradual. The experiments which 
we shall consider in this section em- 
ployed patients suffering from “patho- 
logical anxiety,” as we have just defined 
it. For the sake of convenience, these 
subjects will be called “anxiety pa- 
tients.” 

In a study with pain as standard 
stimulus (27), the following physiologi- 
cal measures showed significantly greater 


reaction in anxiety patients than in other 
psychiatric patients: finger movement 
(and number of voluntary pressures to 


indicate pain), neck-muscle activity, 
deviation in amplitude and rate of res- 
piration throughout the test, respiratory 
irregularities occurring at time of stimu- 
lation, and heart-rate variability. In a 
different study (29) with a perceptual 
test and a Luria-type recording from 
the left hand, finger movement was sig- 
nificantly more irregular in anxiety pa- 
tients than in other psychiatric patients. 

To repeat an earlier statement, these 
findings indicate that under standard 
conditions of stimulation psychoneurot- 
ics are more reactive than controls, and 
that patients with anxiety predominat- 
ing in the symptom picture are the most 
responsive of all. 


Need for “Standard Stress” in Demon- 
strating Differences Between Patients 
and Controls 


Another question which we sought to 
answer was whether a certain level of 
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arousal must be reached in order to 
demonstrate differences between patients 
and nonpatients or whether such differ- 
ences could be obtained under resting, 
“basal” conditions. From reviewing the 
literature prior to conducting our own 
experiments, we were led to suspect that 
some stimulation would be necessary be- 
cause experiments which had been car- 
ried out under resting conditions had 
usually yielded negative or inconclusive 
results. 

Our findings did indeed clearly show 
that, in differentiating between patients 
and controls, some form of stimulation 
was definitively superior to merely tak- 
ing records under resting conditions. 
This has been demonstrated for blood 
pressure (28, p. 89), for muscle poten- 
tials in motor tasks (31, p. 54 and pp. 
59 ff.), and again for muscle potentials 
in two separate investigations of startle 
(30, p. 327; 7, p. 181). The only meas- 
ure which we have found to discriminate 
well between patients and controls under 
“resting” conditions was frontalis-muscle 
potentials (33). However, we know that 
“resting” conditions associated with a 
testing session are by no means basal, 
and that—for example—significantly 
lower blood-pressure readings may be 
obtained from patients resting quietly 
on the ward than in the so-called “rest- 
ing” condition of our experiments (32). 

“Specific” vs. “nonspecific” stimulat- 
ing situations. In producing higher lev- 
els of arousal in patients, is it necessary 
to present material to which patients 
are specifically sensitized or is it pos- 
sible to demonstrate the difference be- 
tween patients and controls by employ- 
ing the same standard stimulating situa- 
tion for all subjects? Our experiments 
clearly show that the latter is true. It 
is not necessary to present the patients 
with words or situations which have spe- 
cial meanings for them in order to pro- 
duce more arousal in them than in con- 
trols. 

As an example of a “specific-com- 
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plex” technique of producing high-level 
arousal, Luria (25) employed the method 
of controlled association in which he 
compared motor reaction to “critical” 
words (those which were especially 
arousing for the subject because of their 
association with specific life experiences) 
with reaction to indifferent words. Our 
situations, on the other hand, were 
chosen for their general arousal value, 
and we sought to avoid situations which 
would have special meaning for particu- 
lar individuals. 

With this point especially in mind we 
devised our standard situation of pain- 
ful stimulation, because of the nearly 
universal avoidance reaction to pain. In 
order to permit more generalized con- 
clusions, we also employed standard 
situations other than pain. One study 
is of especial interest because we repro- 
duced the essential features of Luria’s 
procedure, only substituting a series of 
size discriminations for the series of 
verbal stimulations which Luria em- 
ployed (29). Conclusions from these 
experiments were as follows. All meas- 
ures of motor activity recorded during 
performance of speeded size discrimina- 
tion yielded reliable differences between 
patients and controls. In every instance 
there was evidence of greater physio- 
logical disturbance in the patients. The 
measures employed may be distinguished 
as skeletal-motor (motor control, muscu- 
lar tension) and autonomic (systolic 
blood pressure). These differences in 
motor activity were manifested even 
though psychoneurotics, acute psychot- 
ics, and controls were practically identi- 
cal with respect to perceptual perform- 
ance. 

These results led us to question cer- 
tain views concerning determinants of 
higher arousal levels in psychoneurotics. 
In much current writing there is the un- 
derlying assumption that physiological 
disturbances in the psychoneurotic can 
be accounted for entirely in terms of 
situational explanations. These writers 
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assume that there is no need to look for 
pathology in central and motor mecha- 
nisms, because they believe that amount 
of physiological disturbance is com- 
mensurate with the special significance 
which the situation has for the patient. 
Implied in this view is the assumption 
that only those stimuli which, through 
learning, have acquired special meaning 
for the patient have the power to pro- 
duce an “abnormal” level of arousal. 
It assumes that the patient may partici- 
pate in many situations without show- 
ing abnormally high levels of physio- 
logical reaction. 

However, this view may well be ques- 
tioned because it does not appear to fit 
with clinical observations. Cameron has 
written as follows: 


It will be noted that nearly all such patients 
{with anxiety states] complain that they can- 
not go into crowded places or into any situa- 
tion where sustained efforts will be required 
of them. Their symptoms are made more 
severe by anything which elicits emotional re- 
actions, such as altercations or participating in 
a discussion of illness. Nearly all find, at least 
at first, that their symptoms are increased by 
visiting their former places of employment or 
meeting fellow-workers. In other words, their 
symptoms are exacerbated by anything which 
serves to increase tension. Emphasis should 
be placed upon the fact that their symptoms 
are elicited or intensified, not primarily by the 
reactivation of any conflict situation which 
may exist, but literally by everything in the 
course of the day which serves to increase 
tension (5, pp. 56-57. Italics mine). 


In therapy, relaxants of various kinds 
are devised to “damp” the “autono- 
mous” reaction before proceeding with 
psychotherapy (41). 

Strong auditory stimulation. Strong 
auditory stimulation served as another 
and very different kind of standard 
stimulating situation for comparing pa- 
tients and controls. Two separate stud- 
ies, the first one (30) with induced ten- 
sion (produced by squeezing a rubber 
bulb), and the second (7) without in- 
duced tension and with a less intense 
stimulus, agreed in showing that the 
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most reliable difference between anxious 
patients and controls was in “after-re- 
sponse” following the period of primary 
reflex-startle reaction. 


NEUROPHYSIOLOGICAL CON- 
SIDERATIONS 


In the interpretation of our findings 
in the experiments on strong auditory 
stimulation (7, 30), we cited the paral- 
lel between these observations on pa- 
tients and findings in neurophysiologi- 
cal experiments on the reticular forma- 
tion. In certain animal preparations, 
after-discharge in the cerebral cortex 
was abolished by stimulation in the 
reticular formation of thalamus (20) 
and brain stem (35). We believe that 
it is reasonable to suggest that some 
such inhibitory mechanism (as the one 
which abolished after-discharge) may 
be weakened in pathological anxiety. 

Having implicated inhibition, we are 
required to examine this concept criti- 
cally for a moment. Although there is 
by no means complete agreement on the 
matter of inhibitory mechanisms in the 
central nervous system, present evidence 
appears to point more and more in the 
direction of inhibition as a phenomenon 
in its own right, independent of excita- 
tion (i.e., not merely absence of excita- 
tion). 

Of the current theories of inhibition 
known to me, Eccles’ view seems most 
reasonable (12). Eccles and his co- 
workers developed a technique for plac- 
ing a microelectrode within a single 
spinal motoneurone, and they were thus 
able to observe the electrical potential 
between the inside and the outside of 
the cell. They observed that when they 
stimulated an inhibitory nerve fiber it 
increased the polarization of the nerve 
cell on which it ended. Eccles called 
this effect “hyperpolarization,” which, 
electrically is the opposite of what oc- 
curs when a nerve cell is fired (depolar- 


ized). 
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While Eccles’ work was done on cells 
in the spinal cord, it nonetheless seems 
reasonable to suggest that the reticular 
formation could produce widespread in- 
hibition in the cortex by hyperpolariz- 
ing cortical cells. Because the study of 
neuronal discharge in the cortex is a 
new field of research, sufficient data to 
decide this point are not at hand. But 
data which are presently available seem 
to be in line with the proposition that 
some impulse arriving in the cortex may 
have facilitatory effects, while others 
may produce opposite results (21, Fig. 
19, p. 62). 

If Eccles’ theory is essentially cor- 
rect,>5 we may work with inhibition as 
an independent process, and seek to un- 
derstand the pathology of anxiety in 
terms of weakened inhibition. To make 
matters more concrete, we may draw on 
Eccles’ hypothesis of a chemical trans- 
mitter for inhibition (12, p. 163) and 
on the recent experimental work of El- 
liott and Florey (13) to suggest that, in 
anxiety, the effectiveness of this sub- 
stance has been reduced. 


THE PROBLEM OF ETIOLOGY 


The disorder of pathological anxiety 
may be conceived of almost entirely in 


terms of constitutional factors. It is 
logical to consider that certain indi- 
viduals may inherit a deficient inhibi- 
tory mechanism. Such a person would 
consistently suffer from inability to re- 
lax throughout life, and would be seri- 
ously limited in the amount of stimula- 


5 Recent findings, although swpporting Ec- 
cles’ main conclusions, suggest that the phe- 
nomenon may be somewhat more complex 
than he originally supposed. The observations 
of Kuffler and Eyzaguirre (22) on inhibition 
of stretch receptor organs in crustaceans indi- 
cate that the polarity of the “inhibitory po- 
tential” varies with the state of the cell. 
When the cell is depolarized, an inhibitory 
volley causes polarization; when the cell is 
resting, an inhibitory volley causes depolariza- 
tion. 
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tion that he could withstand. In such 
a case the constitutional weakness, rather 
than learning, would be the primary 
factor in etiology. While constitutional 
differences of genetic origin may account 
for degree of predisposition to the patho- 
logical condition of anxiety, clinical evi- 
dence stands against a purely genetic 
etiology. The fact that such a large 
number of patients recover from anx- 
iety states (17, 34) argues against a 
purely genetic-constitutional explanation 
of pathological anxiety. 

Declining the genetic-constitutional ex- 
planation of anxiety implies that learn- 
ing mechanisms are somehow involved 
in the pathology. In order to under- 
stand the full implications of this point 
of view, it is helpful to consider that de- 
gree of arousal is not a “given” in the 
stimulating situation. The same stimu- 
lating situation may produce quite dif- 
ferent levels of physiological reaction in 
different persons, depending upon the 
effects of past learning. We may com- 
pare individuals with respect to their 
physiological reactions in a large num- 
ber of different situations. We may find, 
for example, that a certain person gen- 
erally shows significantly higher levels of 
physiological reaction than most other 
individuals. If this person can avoid 
stimulating situations with high-arousal 
values he appears no different from 
others. However, in ordinary, every- 
day living, it is unlikely that he will be 


6 The reader will recall that in our physio- 
logical studies of psychiatric patients we at- 
tempted to avoid experimental situations 
which had special meanings for particular in- 
dividuals. In an earlier section of this paper 
we referred to these situations as “nonspecific.” 
We assume that an anxiety-prone individual, 
before he actually develops the pathological 
state (and after he recovers from it), will not 
show higher arousal levels in such “nonspe- 
cific” stimulating situations. The stimulating 
situations referred to as producing quite dif- 
ferent levels of physiological reaction in dif- 
ferent persons are, of course, what we called 
“specific” in the earlier section of this paper. 
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able to avoid such situations, and he 
will, therefore, be more or less con- 
stantly operating at physiological levels 
which are higher than normal. .We may 
conjecture that in such a case in which 
stimulation keeps physiological levels 
constantly very high, over a long pe- 
riod of time there will be a weakening 
of inhibitory mechanisms from overuse. 


FuRTHER CLINICAL-EXPERIMENTAL 
CONSIDERATIONS 


Anxiety in combat. If our theory is 
correct, anxiety may be considered as a 
“disease of overarousal” (or in Selye’s 
[36] terms, a disease of “adaptation”). 
That is, the critical neural change is 
thought of as being produced by a proc- 
ess of attrition from excessive and ex- 
tended overarousal. It would not mat- 
ter whether this overarousal were pro- 
duced in an individual whose previous 
learning made him more prone to over- 
arousal, or whether the individual were 
anxiety-resistant from past training, and 
was simply “overexposed” to situations 
(like battle) that everyone reacts to 
with extremely high physiological levels. 
With this view we can readily under- 
stand why under battle conditions each 
soldier would have his “breaking point,” 
and why despite resistance to over- 
arousal from constitution and previous 
learning, if situations of high-arousal 
level are repeated over a long enough 
time period, the critical change will 
finally occur. This seems to be the pic- 
ture which emerges from studies of anx- 
iety in combat (16, pp. 85 ff.). 


Inhibitory Deficiency in Anxiety and in 
Manic States 


From the clinical point of view, 
Cameron (6, p. 388) has drawn atten- 
tion to the prominence of overactivity 
in the anxiety states. Cameron is in- 
clined to believe, however, that the 
manic state best represents “pure over- 
facilitation,’ in comparison with anx- 
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iety, which he has described as “curbed 
overactivity.” In drawing this compari- 
son, Cameron was influenced by his 
careful observation of body movements. 
He found that the typical anxious pa- 
tient was restless and in constant move- 
ment, but that he did not have the open, 
wide, flung-out movements of the manic. 
In general, the movements of the anx- 
ious patient remained within the body 
silhouette.’ 

The internally generated manic over- 
activity (“pure overfacilitation”) could 
reasonably be accounted for by positing 
increased activity of facilitatory mecha- 
nisms. 


PROBLEMS FOR FURTHER STUDY 


The line of reasoning followed in the 
present paper suggests certain hypothe- 
ses which might be put to experimental 
test. In the first place, longitudinal 
physiological study of patients suffer- 
ing severe states of anxiety should re- 
veal changed physiological reaction un- 
der conditions of standard stimulation. 
That is, during performance of a motor 
task—for example, palmar skin con- 
ductance—electromyographic gradients 
and other physiological indicants of 
arousal should show decline when the 
patient is in remission, and should show 
increase again with relapse and return 
of the anxiety. This is a straightfor- 
ward kind of investigation which one 
might suppose had already been under- 


7On the surface, this appears incongruous 
with the notion of weakened inhibition. How- 
ever, we may account for this constrained 
appearance of inhibition by suggesting the 
substitution of less efficient mechanisms of 
inhibition for the one which has suffered im- 
pairment. It may be, for example, that anx- 
iety patients compensate for weakened au- 
tonomous mechanisms by calling on voluntary 
motor mechanisms (ie., the pyramidal mo- 
tor system). For example, in the absence of 
sufficient control from autonomous inhibitory 
mechanisms, the anxiety patient may avoid 
loss of motor control through co-contraction 
of antagonistic muscles. 
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taken. However, as far as I am aware, 
the study has not been carried out with 
anxiety states in the way proposed. 


Anxiety and Learning 


Physiological measures of arousal 
should prove valuable in learning ex- 
periments in which anxiety has been 
studied as a variable (14). For ex- 
ample, workers have employed question- 
naires and scales (e.g., the Taylor scale 
[40]), to select subjects high in “anx- 
iety.” The chief purpose of such ex- 
periments has been to compare the 
learning speed of subjects scoring high 
on such a scale with other subjects scor- 
ing lower on the scale. It would appear 
that physiological measures could be 
applied to such problems with consid- 
erable advantage. Subjects who would 
probably react at high physiological lev- 
els could still be selected with the scales 
as an initial screening device; but 
physiological measurements could then 
be applied to provide actual values to 
place each subject on a continuum. 
Such methodology would appear promis- 
ing in providing a continuous variable 
(i.e., physiological intensity, or arousal) 
for study in place of the rather dubi- 
ous anxiety-nonanxiety dichotomy, and 
would have other advantages. For ex- 
ample, a low scorer on the scale might 
be temporarily upset, and so be misclas- 
sified in an experiment unless his actual 
physiological measures were available 
on the day of the experiment. 


Research with Reserpine and Chlor- 
promazine 


Patients exhibiting anxiety as the pre- 
dominant symptom have been reported 
to improve significantly following the 
administration of reserpine and chlor- 
promazine (19). It should prove illumi- 
nating to study the effects of such drugs 
on physiological reaction of anxiety pa- 
tients under controlled stiraulating con- 
ditions. For example, with administra- 
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tion of these drugs, would the elec- 
tromyographic reaction of patients to 
strong auditory stimulation resemble the 
normal reaction more closely (show less 
after-response) than in the absence of 
the drugs? 

It would likewise be of interest to de- 
termine the effect of such drugs on lev- 
els of physiological reaction in anxiety 
patients under conditions of moderate 
stimulation, such as those in our experi- 
ments with pain and with performance 
tasks. Would drug administration bring 
levels of physiological reaction down 
close to normal values under these con- 
ditions? 

As a matter of fact, our experiments 
with psychiatric patients were performed 
prior to the full development of the con- 
cept of an intensity continuum in be- 
havior, measured in terms of EMG 
gradients, level of palmar skin conduct- 
ance, and other such physiological indi- 
cators. It would be highly desirable, 
therefore, to apply these more refined 
physiological measures to the study of 
anxiety patients. Do they, in fact, show 
steeper EMG gradients than normals in 
tracking, and are these gradients re- 
duced in slope with administration of 
reserpine and chlorpromazine? 


Proposed Animal Experiments 


Certain aspects of these problems may 
be more advantageously studied with 
animal subjects. Studies of “experi- 
mental neuroses,” as reviewed by Lid- 
dell (24), have shown that it is possible 
to produce chronic states characterized 
by physiological deviation. For present 
purposes it would be desirable to em- 
ploy a form of stimulation which effec- 
tively maintains high levels of physio- 
logical reaction over long periods of 
time. For our purposes it would not 
matter particularly how the stimulation 
was produced; the main requisite is that 
high physiological levels be recorded 
continuously over days and weeks. 
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The main purpose of such an experi- 
ment would be to determine whether 
keeping physiological levels constantly 
high would finally produce “anxiety” in 
animals (i.e., animals with raised physio- 
logical levels in standard test situations) . 
If such experiments did turn out posi- 
tively, valuable animal “preparations” 
would be available for neurophysiologi- 
cal and pharmacological studies. 

Such a “preparation” might be used, 
for example, to determine whether in- 
hibitory effects from stimulation in the 
reticular formation are weaker than in 
normal animals. We might even con- 
ceive of an experiment paralleling the 
ones which we carried out with human 
subjects. It would seem possible to im- 
plant electrodes in the reticular forma- 
tion to search for areas which fire in- 
hibitory impulses to the cerebral cortex 
following strong auditory stimulation. 
Furthermore, pharmacological investiga- 
tion (13) might be directed to the ques- 
tion whether there is an inhibitory sub- 
stance in the brain which becomes dilute 
with long-continued overarousal. 


SUMMARY 


The main purpose of this paper is to 
consider some recent experimental data 
which suggest a way out of the present 
confusion surrounding the concepts of 
motivation, emotion, and anxiety. Two 
lines of investigation, each employing 
physiological methods, are examined. 
In one experimental program, measures 
such as steepness of muscle-potential 
gradients and level of palmar skin con- 
ductance were found to be useful indi- 
cants of arousal level. The results of 
several experiments demonstrated signifi- 
cant relationships between such physio- 
logical indicants and excellence of per- 
formance on various motor tasks, such 
as mirror tracing and tracking. In this 
empirical setting, problems of relation- 
ship between concepts of motivation and 
emotion are reconsidered. 
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The arousal concept is then applied 
to the problem of pathological anxiety 
in psychiatric patients. The earlier re- 
sults from physiological studies carried 
out with psychiatric patients as subjects 
are reviewed in the light of the more 
recent work on physiological indicants 
of arousal. Considerable confusion has 
arisen because the term “anxiety” has 
been used to denote two quite different 
states of the organism: (a) any increase 
in level of arousal, however brief the 
rise (or however selective the stimu- 
lating condition); and (5) a patho- 
logical state in which the patient ap- 
pears chronically overreactive (physio- 
logically) to every stimulating situation. 

It seems reasonable to restrict the 
term “anxiety” to the chronic patho- 
logical condition. Results from physio- 
logical studies carried out with patients 
suffering this pathological condition in- 
dicated that standard stimulation (or 
“stress”) accentuated the differences in 


arousal between anxiety patients and 


controls. Under resting conditions such 
differences were usually insignificant. 
On the basis of the data reviewed, cer- 
tain hypotheses concerning the nature 
and etiology of pathological anxiety are 
tentatively advanced. It is suggested 
that anxiety may be produced in an in- 
dividual (in animal as well as in man) 
by keeping level of arousal very high 
over long periods of time. Finally, re- 
cent neurophysiological findings are cited 
in stating the hypothesis that such con- 
tinuous overarousal may result in im- 
pairment of central inhibitory mecha- 
nisms. 
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OPTICAL MOTIONS AND TRANSFORMATIONS AS STIMULI 
FOR VISUAL PERCEPTION * 
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Cornell University 


How do we see the motions of objects 
in the world around us? The way to go 
about answering this question is to note 
the kinds of physical motion that occur 
in the human environment and then to 
examine the kinds and variables of opti- 
cal stimulation that correspondingly oc- 
cur. The isolation and control of these 
variables with suitable optical apparatus 
will make possible an experimental psy- 
chophysics of kinetic impressions. The 
desirability of such a psychophysical ap- 
proach has been pointed out in an ear- 
lier paper (4) and the following pro- 
posals modify or make explicit a num- 
ber of suggestions there made. 


DISTINCTION BETWEEN PuysicaL Mo- 
TIONS AND OpticaL MortIons 


Ever since Isaac Newton supposed 
that the motions of things revealed the 
forces behind them and thereby the 
causes of all events, physics has been 
concerned with the observation of mo- 
tions. The beauty of the idea for phys- 
ics is that it applies to all things: stars 
and planets; stones, machines, and ani- 
mals; particles and atoms. Of these 
motions, however, only a certain class is 
the concern of perceptual psychology. 
The things whose motion is visible are 
substances which, in the first place, dif- 


1 This essay is part of an address entitled 
Stimulation and Perception delivered by the 
author in September 1955 at San Francisco as 
retiring president of the Division of Experi- 
mental Psychology, APA. The film which ac- 
companied it, and serves to illustrate this pa- 
per (5), was produced with the support of 
the Office of Naval Research under Contract 
NONR 401(14) with Cornell University, which 
is concerned with research on the perception 
of motion and space. 


ferentially reflect or emit light and, in 
the second place, are not either too far 
away or too small. The motion of the 
wind is invisible because gaseous sub- 
stances transmit light instead of reflect- 
ing it. The motion of the heavenly 
bodies is invisible because their angular 
change of position is too small per unit 
of time. And the motion of microscopic 
bodies is invisible because their bounda- 
ries reflect an optical texture too small 
for the eye to resolve. But the environ- 
ment of man contains an enormous va- 
riety of surfaces which do project focus- 
able light to his eye, and these are the 
bodies the psychologist must be inter- 
ested in. For when they fall, rise, turn, 
roll, bend, flow, twist, writhe, stretch, 
or break, an eye can register this event 
and the animal possessing the eye can 
respond to it. 

We may observe that physical mo- 
tions can be classified as rigid or non- 
rigid, the former being characteristic of 
crystalline substances and the latter of 
elastic or fluid substances. Rigid physi- 
cal motions are exemplified in mechan- 
ics; they are analyzable into components 
of translation and rotation on or around 
any of three axes, and they have been 
studied since the time of Newton. Non- 
rigid physical motions are exemplified in 
biology since the growth and also the 
reactive movements of living animals 
are generally of this sort (10). 

The motions of the physical environ- 
ment might also be classified as con- 
nected or nonconnected. In the former 
the parts of the moving substance re- 
main adjacent, even if not rigid, whereas 
in the latter they do not and are not 
even considered parts of the “same” 
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substance. Instead they are treated as 
separate motions of different objects. 
The separations and fusions, attractions 
and repulsions, or collisions of things, 
animals, and people are all of this sort. 

Physical motions are given to an eye 
only in the form of optical motions. An 
optical motion is an event in the optic 
array, that is, in the light reflected from 
an illuminated environment to an eye 
or, rather, to any position in the air 
where an eye might be placed (7). An 
eye is an organ for exploring an optic 
array. The solid sector of this array 
which an eye takes in is the basis of 
patterned vision; neither objects nor 
their motions could affect the eye except 
by means of it. External motion can 
be seen only if some differentiated part 
of the array is displaced relative to the 
rest of it, or to some other part, or if 
parts move relative to one another. 
There has to be some change of its pat- 
tern, considered as a projection to a 
point. 


An optical motion, then, is a projec- 
tion in two dimensions of a physical 


motion in three dimensions. The pro- 
jection may be taken either as on the 
surface of a sphere centered at the eye 
or as on a plane in front of the eye. 
When locomotor movements of the ob- 
server are to be considered, the former 
is preferable (8), but when, as here, 
they are not involved, the plane projec- 
tion is better. The one can be con- 
verted into the other if necessary. Our 
- question is, What kinds of optical mo- 
tion occur which might serve as stimuli 
for perception? 


KINDS AND VARIABLES OF 
Opticat Morion 


How can optical motions be described 
or specified? The question has to do 
with the motions of a texture or pat- 
tern in a two-dimensional array. Ten- 
tatively, there seem to be two general 
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possibilities. First, one could divide the 
pattern into convenient elements, de- 
scribe the positions of all the elements 
by pairs of coordinate values, and finally 
describe the motions of all the elements 
by the successive pairs of values. Or 
one could describe the motions of the 
elements by direction and speed at suc- 
cessive moments of time. This pro- 
cedure is analytical. Second, a non- 
analytical method of specifying optical 
motions is possible. One could simply 
take the pattern as given, and then 
use the operation defining a perspective 
transformation in geometry to describe 
a family of changes of pattern. This 
method does not exhaust all the varieties 
of optical motion, as will be evident, but 
it has advantages for an experimenter 
who, needs to produce an artificial opti- 
cal array. 

Continuous perspective transforma- 
tions. In geometry, any form or pat- 
tern on one plane which is a projection 
of a form or pattern lying on some other 
plane is called a perspective transforma- 
tion. These forms are static. When the 
point of projection (the focus of the 
sheaf of lines which connect the pair of 
forms, point for point) is near the two 
planes, we speak of a central or polar 
projection; when this point of projection 
is at a very great distance from the 
planes, we speak of a parallel projection. 
(It may be useful to recall that the 
“plans” and “elevations” of an architect 
are cases of parallel projection, but that 
his drawing for the client’s eyes is a 
case of polar projection. This latter is 
the case we are chiefly concerned with.) 
When the two planes are parallel, the 
difference between the projected form 
and the given form is one of size only; 
it is called a similarity transformation. 
When the two planes are not parallel, 
the difference between the forms is that 
to which common meaning applies the 
term “perspective,” or sometimes the 
term “foreshortening.” In geometry, 
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both the difference of size and that of 
shape are classed as perspective trans- 
formations. 

We can now speak of motion. When 
the angle or the distance of the first 
plane relative to the second plane is al- 
tered, the projected form is correspond- 
ingly altered. The fact is that the rela- 
tion between any earlier and any later 
projected form is also a perspective 
transformation. The relation holds be- 
tween any two of its stages in times. 
Hence, the motion in question may be 
described as a continuous series of per- 
spective transformations. It is a rela- 
tion between a temporal series or family 
of static forms, not merely between two 
forms. Any such moving transformation 
can be analyzed by six parameters cor- 
responding to the six components of the 
possible movements of the first plane— 
that is, three of translation and three of 
rotation. 

Families of continuous perspective 
transformations. It can now be ob- 
served that all optical motions resulting 
from the rigid physical motions of the 
flat face of an external object are con- 
tinuous families of perspective transfor- 
mations, as defined above. These are 
optical motions as taken on a plane in 
front of the eye. The six parameters of 
optical motion can be visualized as (a) 
vertical translation of the pattern in the 
plane, (4) horizontal translation of the 
pattern, (c) enlargement or reduction of 
the pattern, (d) horizontal foreshorten- 
ing of the pattern, (e) vertical foreshort- 
ening of the pattern, and (f) rotation of 
the pattern in the plane. 

These parameters of transformation 
are for the case of a polar projection. 
As the focus of projection is taken at an 
increasing distance from the two planes, 
one approaches the case of a parallel 
projection. For the latter case, three of 
the six parameters have been altered in 
character, namely (c), (d), and (e) 
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above, while (a), (4), and (f) remain 
unaltered. Enlargement or reduction of 
the pattern has vanished; horizontal 
foreshortening becomes a mere horizon- 
tal flattening; and vertical foreshorten- 
ing becomes vertical] flattening. 

These “pure types” of optical motion 
can be observed on a motion picture 
screen (5). An irregular or regular con- 
tour shape or an irregular or regular 
group of spots can be made to undergo 
continuous perspective transformations, 
and the observer can note the various 
types of motion in the plane of the 
screen. One can note, for example, that 
in types (d) and (e) a square is trans- 
formed into a trapezium with polar pro- 
jection, but is transformed into a flat- 
tened rectangle with parallel projection. 
The interesting fact, however, is that for 
types (c), (d), and (e) with polar pro- 
jection it is very difficult to notice the 
motion in the plane. Instead, one sees 
a sort of “virtual” object or surface 
which (c) moves toward or away from 
the screen, (d) rotates on its vertical 
axis, or (e) rotates on its horizontal 
axis. One sees, in other words, rigid 
motion in depth. The suggestion is that 
the parameters of transformation are 
stimuli for the phenomenal parameters 
of the motion in space of one face of an 
object. 

The rotations in depth are similar in 
some respects to the kinetic depth ef- 
fect obtained by Wallach (14). Such 
effects have been observed for Lissajous 
figures (3), and long ago for the silhou- 
ette of a rotating windmill against the 
horizon (1, p. 270). All these apparent 
rotations are said to be characterized by 
ambiguity as to the direction of rota- 
tion, and by spontaneous reversals in the 
direction of rotation. The apparent ro- 
tations shown in the film, however, are 
not characterized by ambiguity or re- 
versals of direction when the transfor- 
mations are those obtained with polar 
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projection, but only when the transfor- 
mations are those obtained with paral- 
lel projection. 

A psychophysical experiment has been 
performed on the degree of perceived 


semirotation in depth as a functidn of- 


the transformation sequence (6). 


APPARATUS FOR PRODUCING CONTINU- 
oUS PERSPECTIVE TRANSFORMA- 
TIONS IN THE Optic ARRAY 


The method used to display the geo- 
metrical transformations on a motion 
picture screen was not by “animation” 
of film; the procedure, rather, was to 
photograph the window of a device 
which might be called:a shadow trans- 
former. Details of its construction are 
given in the report of the experiment 
(6). It will here be described only as 
it suggests possibilities for a psychophys- 
ics of motion perception. It consists of 
a translucent screen with a point source 
of light on one side and an observer 
symmetrically on the other side. In the 
square luminous window, dark shapes, 
patterns, or textures can be made to ap- 
pear. They are shadows, not objects, 
so that only two grades of intensity 
exist, surface texture and binocular dis- 
parity are eliminated, and accommoda- 
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tion and convergence are controlled for 
this sector of the optic array to the eye. 
The variables of form and transforma- 
tion are thus isolated for study. 

In the diverging ray sheaf from the 
point source to the translucent window 
a mount can be placed, a pane of trans- 
parent material large enough so that it 
can be moved without its edges being 
projected on the screen. Forms, pat- 
terns, or textures cut from gummed pa- 
per or masking tape can be attached to 
this mount, or it can be traced with ink 
or even sprinkled with talcum powder, 
so that shadows of many varieties are 
projected on the screen. The mount can 
be rotated on any of three axes, or 
translated in any of three dimensions. 
Hence, considering the mount and the 
screen as two geometrical planes, changes 
in the position of the mount will yield 
all possible perspective transformations 
of the shadow relative to the shadow 
caster, and likewise all parameters of 
continuous perspective transformation of 
the shadow itself. Previous shadow-cast- 
ing devices, most recently Wallach’s 
(14), have not been constructed for this 
systematic purpose. They have also not 
utilized polar projection. For purposes 
of comparison, the present apparatus 
can also be illuminated by a projector 
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beam at 80 ft. instead of a point source 
at 5 ft.; the former yields an approxi- 
mately parallel projection. The use of 
a transparent mount obviates the neces- 
sity of any visible support for the 
shadow caster, or of having the shadow 
it casts extend below the bottom of the 
window. 

The optical geometry of the apparatus 
is given in Fig. 1 for a size transforma- 
tion. It may be noted that the con- 
verging ray sheaf to the eye is the geo- 
metrical opposite of the diverging ray 
sheaf. The relation of the shadow to 
its “virtual object” (by analogy with the 
“virtual image” in a mirror) is simply 
the reverse of the relation of the shadow 
to the shadow caster. This reversal 
does not affect the transformations in 
any other way. It is true that the mo- 
tions perceived are opposite to those of 
the shadow caster, but this does not pre- 
sent a paradox if one remembers that 
vision depends on the optic array, not 
on the way an optic array can be arti- 
ficially produced. 


INTERNAL DEPTH OF TRANSPARENT 
OBJECTS AND COLLECTIONS 
oF OBJECTS 


So far, consideration has been limited 
to continuous transformations of tex- 
tures corresponding to the opaque face 


of an object. What about the optical 
motions corresponding to the physical 
motions of transparent objects, or things 
with different parts in depth, or rigid 
collections of things like a forest of trees 
or a tangle of wire? The phenomenon 
termed “stereokinesis” (11, Ch. 13 and 
references) and the kinetic depth effect 
of Wallach (14) involve an impression 
of internal depth. The “virtual object” 
of these experiments is often a collec- 
tion of posts or a figure of bent wire. 
The complex optical motions of these 
experiments can be analyzed by consid- 
ering different parameter values of the 
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same perspective transformation corre- 
sponding to the different planes of depth 
of the object. This suggestion becomes 
clearer with a concrete example. If, 
with the shadow transformer, one casts 
a shadow on the screen through several 
parallel sheets of glass, each of which 
has been sprinkled with talcum powder, 
the composite shadow looks something 
like the Milky Way in the night sky. 
When the sandwich of mounts is moved, 
however, the perception separates into 
clear planes of depth, each layer of 
nebulous material standing in front of 
its neighbor. The effect is shown in the 
film (5). 

The internal depth of the virtual ob- 
ject produced by the moving shadow of 
a bent wire, or by an arrangement of 
vertical sticks on a horizontal turntable, 
has been frequently studied. The writer 
suspects that it will yield to the kind of 
analysis proposed. The depth is similar 
to binocular stereoscopic depth; a unify- 
ing hypothesis would be that the simul- 
taneous disparity of binocular images is 
only a special geometrical case of the 
successive disparities of a continuous 
image. Both rest on the geometry of 
parallax, that is, the projection of a col- 
lection of objects in space to a point in 
space, and this has led Tschermak to in- 
clude both under the term “parallactos- 
copy” (13). Both are transformations 
in the most general sense of the term, 
and perhaps both sorts of disparity 
should be treated as transformations. 

The impression of surfaces meeting at 
a corner. With the apparatus described, 
one can also produce the impression of 
more than one flat face of an object 
moving in depth. If two transparent 
mounts are joined to make an angle, and 
if both are given some opaque texture 
of any kind, the combined shadow looks 
like a plane surface so long as the com- 
bined mounts are kept stationary. When 
they are moved, however, the shadow 
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becomes two faces or surfaces making a 
corner. The relative slant of one sur- 
face to the other can be judged with 
some accuracy. 


WHAT IS THE STIMULATING EFFECT OF 
NONPERSPECTIVE TRANSFORMATIONS 
IN THE Optic ARRAY? 


If the rigid mechanical motions of the 
physical environment are represented by 
one kind of geometrical transformations 
in the pattern of light, are the nonrigid 
biological motions of the environment 
represented by a different kind of geo- 
metrical transformations in the pattern 
of light? The difference is suggested 
when the geometer describes topology as 
“rubber sheet geometry.” This is con- 
cerned with changes of bidimensional 
form other than the changes heretofore 
described. Considering an organism in 
silhouette, its reactive movements can- 
not be compounded of the six pure types 
of optical motion considered above. 
Neither can its growth be described as 
magnification. Medawar, a_ biologist 
following D’Arcy Thompson, seems to 
have demonstrated that the change of 
shape of the human figure from infancy 
to adulthood, disregarding the change of 
size, is a specific continuous transforma- 
tion which can only be suggested in 
words. A “tapered stretch” describes it 
approximately (10, pp. 177 ff.). The 
change is monotonic, i.e., it keeps the 
same trend. Geometrically, there are 
different forms of change of bidimen- 
sional form. Conceivably, the visual 
mechanism is sensitive to these forms of 
change. 

The shadow transformer can be 
adapted to display nonperspective trans- 
formations if an elastic or flexible sheet 
is used for the transparent mount which 
carries the shadow-casting form or tex- 
ture, and if this is stretched or bent 
in some way. Preliminary observations 
suggest that the resulting perception of 
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motion is correspondingly elastic instead 
of rigid. There are technical difficulties 
in controlling such optical motions. But 
if apparatus can be built for systemati- 
cally producing them, it will be open 
to the perceptual psychologist to study 
such phenomena as animate, expressive, 
and physiognomic movements in the 
manner of psychophysics. 


DISJUNCTIVE OR SEPARATE 
OpticaL Motions 


The converting of a single form on a 
plane into two forms is something which 
goes beyond the continuous transforma- 
tions heretofore considered. There is, 
instead, a discontinuity in both the 
temporal and the spatial series. The 
geometer is tempted to describe it by 
saying that there is a breaking or tear- 
ing of the surface, thus falling back on 
a physical analogy. 

If certain parts of a connected optical 
pattern undergo one kind of transforma- 
tion while other parts undergo another 
kind, it might be predicted that the per- 
ceived surface will become two perceived 
surfaces, each composed of the parts 
carrying the same transformation. This 
is obvious when one set of parts moves 
in one direction and the other in a dif- 
ferent direction, and the fact was recog- 
nized in Wertheimer’s law of “common 
fate” as a determiner of sensory organi- 
zation (11, Ch. 13). It should equally 
be true, however, when one set of parts 
carries a slant transformation or a size 
transformation different from that of the 
other; the texture will break into two 
textures each moving in its own tridi- 
mensional way. Some of these possi- 
bilities have been investigated by using 
a “sandwich” of mounts in the appa- 
ratus, and the film illustrates a few of 


‘these possible dual disjunctive motions. 


Perceptual separation does result. Evi- 
dently when the parts of an optical tex- 
ture undergo joint motion this does not 
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have to be understood as a set of mo- 
tions with the same velocity in the same 
direction. 

It is also possible to note what hap- 
pens when all the parts of a connected 
optical pattern move, each in a different 
direction: the pattern becomes many 
smaller objects, like a swarm of ants. 
This result also suggests that what con- 
nected the elements of the pattern in the 
first place was their nonmotion relative 
to one another; in the optic array, after 
all, stability is only a special case of 
transformation. Research on the prob- 
lem of how elementary motions might 
be organized into a single unitary mo- 
tion has been performed by Johannson 
(9), Duncker (2), and Metzger (11). 

The varieties and dimensions of opti- 
cal motion in which the parts are not 
connected in adjacent order are of for- 
midable complexity. It is not even clear 
how to go about classifying them. Dis- 
junctive optical motions are, however, 
the stimuli by virtue of which we see 
occurrences, happenings, and actions in 
the world around us. There is cer- 
tainly order and lawfulness in them, for 
Michotte has studied the impressions of 
causality induced by higher order vari- 
ables of nothing more objective than the 
motions of separate spots (12). These 
abstract variables are clearly discrimi- 
nable by observers, for the impressions 
can be made to come or go as the ex- 
perimenter varies certain spatiotemporal 
conditions. 


CONCLUSIONS 


If the optical geometry here expounded 
is correct, there is a possible basis in 
optical stimulation for the ability to dis- 
tinguish between and among rigid, elas- 
tic, and multiple moving things. The 
basis lies in different mathematical modes 
of transformation and motion. The im- 
plication is that we see both the con- 
stant and the changing properties of 
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things in this way. We see them not 
because we have formed associations 
between the optical elements, not even 
because the brain has organized the opti- 
cal elements, but because the retinal 
mosaic is sensitive to transformations as 
such. These are stimuli for perception. 

Is it really plausible, one might ask, 
to call anything as apparently abstruse 
as a continuous series of transformations 
a stimulus? <A bit of evidence may here 
be convincing. A puff of air to the 
cornea of the eye is a stimulus for the 
blink reflex in the pure and original 
sense of the term. The fact is that 
when an observer with the apparatus 
described is near the screen, a rapid ex- 
pansion of the shadow until it fills the 
screen will also produce a blink reflex. 
The latter event ought to be considered 
as much a stimulus as the former. 
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Some ten years ago Woodworth, com- 
menting on the situation in psychology 
as a whole, wrote: “Some may lean to- 
ward one school and some toward an- 
other, but on the whole the psycholo- 
gists of the present time are proceeding 
on their way in the middle of the road 

. 2” (21, p. 254). He suggested that 
“Tf we could assemble all these psy- 
chologists [all the psychologists in the 
world] in a convention hall and ask the 
members of each school to stand and 
show themselves, a very large propor- 
tion of the entire group would remain 
seated” (21, pp. 254-255). 

A similar position was taken by Bor- 
ing at about the same time: 


During the 1930’s the isms pretty well dropped 
out of psychology. ... The only reason for 
mentioning these four schools in this book is 
that the student hears about behaviorism and 
Gestalt psychology and has a right to be told 
what they are and that they are no longer im- 
portant as schools. What was good in all the 
schools is now simply part of psychology (4, 
p. 11). 


The eclectics, rising above the con- 

flict of schools, hold that psychologists 
today are in happy agreement. It is 
their position that no real issues exist 
among the various points of view in psy- 
chology. For it is only on the basis of 
such a belief that one is able to select 
from each approach, combining the theo- 
retical contributions of all. As Wood- 
worth presents the middle-of-the-road 
position: 
Every school is good, though no one is good 
enough. . . . One points to one alluring pros- 
pect, another to another. . . . Their negative 
pronouncements we can discount while we ac- 
cept their positive contributions to psychol- 
ogy as a whole (21, p. 255). 


If eclecticism is as prevalent in con- 
temporary psychology as the above 
statements suggest, it becomes impor- 
tant to examine its consequences for 
theory. It is the hypothesis of the pres- 
ent paper that the eclectics have, to a 
large extent, succeeded in reconciling 
differences only by obscuring theoreti- 
cal issues. An alternative to this kind 
of eclecticism will be proposed. 

We may begin with an examination 
of specific instances of eclectic recon- 
ciliations of differences. Examples of 
two kinds of eclecticism will be dis- 
cussed, one having to do with recon- 
ciliations of positions which refer to the 
entire field of psychology—the attempt 
to resolve conflicts among “schools” or 
general points of view—and a more cir- 
cumscribed eclecticism relating to par- 
ticular psychological problems. 

As an instance of the first kind, Wood- 

worth ? writes: 
A broadly defined functional psychology starts 
with the question “What man does” and pro- 
ceeds to the questions “How?” and “Why?” 
... So broadly defined . . . functional psy- 
chology scarcely deserves the name of a school 
because it would include so many psycholo- 
gists who have not professed themselves. Now 
the question is whether our middle-of-the- 
roaders are not after all members of this 
broadly conceived functional school. . . . But 
if the middle-of-the-roaders are really func- 
tionalists, the question is then whether the 
same would not be true of all the schools. 
Are they not all functionalists at heart? (21, 
p. 255). 


Commenting on such a functionalism, 
Boring wrote in 1950: “Woodworth be- 


1A number of the examples to be consid- 
ered will be taken from Woodworth’s writings 
because the present author regards him as one 
of the clearest of the eclectics and one of those 
whose theories are to be taken most seriously. 
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lieved that psychologists were more in 
agreement than their quarrels indicated, 
and he sought a system to which all 
could subscribe. He very nearly suc- 
ceeded (3, p. 565). 

It is not likely to be denied that psy- 
chology today has a functionalist flavor. 
The interest in the adaptive value of 
psychological processes is everywhere 
apparent. Nor can there be much dis- 
agreement with a functionalism defined 
in terms of these three questions of 
Woodworth’s. But it tells us very little 
about a psychologist to say that he is a 
functionalist in this sense. What we 
need to know are the kinds of answers 
which a particular psychology gives to 
these questions. These are the issues in 
contemporary psychology, and here it is 
that disagreements arise. What, for ex- 
ample, is the relation of reinforcement, 
or of repetition, to learning? How does 
the learning process proceed? What is 


the nature of the fundamental human 


motives? How does the group exert its 
influence on the individual? It is the 
answers to such questions as these that 
divide psychologists. It would seem 
that Woodworth has succeeded in bring- 
ing all together only by obscuring such 
issues. If all are functionalists today, 
we still have the problem of examining 
the differences among the several varie- 
ties of functionalism. 

The point may be made more spe- 
cifically in connection with the same au- 
thor’s theory of the conditions of trans- 
fer of training, the doctrine of identi- 
cal components (19), reformulated by 
Woodworth and Schlosberg (23) as a 
theory of “common factors.” It is put 
forward to resolve the differences be- 
tween those who hold that transfer is a 
function of the identical elements in two 
learning tasks, and those who maintain 
that it is a matter of the application of 
common principles or other whole prop- 
erties to the two activities. Wood- 
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worth’s view ” is that anything concrete 
can be transferred—thus both identical 
elements and principles—since “any idea 
that can be recalled, or any attitude that 
can be reinstated is concrete enough to 
qualify. Perhaps anything that can be 
learned can be transferred” (19, p. 207). 
Again, “what is successfully transferred 
is usually something you can put your 
finger on—a principle, a good emotional 
attitude, a technique” (22, p. 582). 

The controversy about the conditions 
of transfer is settled, in other words, by 
saying that something is carried over 
from one activity to the other. It is 
true that this is a formulation which 
covers most of the cases. But it lacks 
an advantage of both of the theories it 
displaces, namely the attempt to state 
the specific conditions of transfer. It 
would seem that the differences are re- 
solved only at the expense of any spe- 
cific theory in the area of the contro- 
versy. The theory covers all the cases 
only by telling us nothing specific about 
any of them. 

To return to the more general kind of 
eclecticism, there exist today a number 
of efforts to reconcile the various signifi- 
cant theoretical positions in psychology. 
A number of authors have attempted to 
resolve the differences between behavior 
theory and psychoanalysis, Gestalt psy- 
chology and psychoanalysis, behavior 
theory and Gestalt theory.* Several 
examples of this trend in contemporary 
psychology will be examined. 


2Since the earlier formulation (19) is the 
more explicit, and since the later (23) seems 
not to differ from it in principle, the former 
will be drawn upon here. 

3 Not all of these discussions are eclectic, at 
least in the meaning used here. Some attempt 
to understand the contributions of one psy- 
chology in terms of the theory of another, 
rather than to resolve differences between 
them. Such work, for example Personality 
and Psychotherapy by John Dollard and Neal 
E. Miller, will not be considered here. It pre- 
sents interesting problems of its own which 
deserve separate treatment. 
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The problems seen above in Wood- 
worth’s formulations exist also in Abt’s 
statements about basic agreements be- 
tween psychoanalysis and Gestalt psy- 
chology with respect to the structure 
and development of the personality: 


Freud’s multiple-structured self is not essen- 
tially different conceptually from Lewin’s divi- 
sion of the person into regions. The dynamic 
and economic interchanges that are postulated 
as occurring with respect to the id, ego and 
superego in psychoanalysis find parallel ex- 
pression in Lewin’s system of barriers and the 
classes of movements across them (1, pp. 38- 
39). 


If Abt means that Lewin’s metatheory 
is compatible with Freud’s theory of per- 
sonality structure, a case could be (but 
has not been) made for this position. 
But to equate Lewin’s division of the 
personality into regions with Freud’s 
topographical analysis of the person is 
to lose all the specific psychological in- 
sights of the latter and much of the 
metatheoretical contribution of the for- 
mer. Lewin’s inner-personal regions, if 
translated into Freudian terms, would 
undoubtedly fail to distinguish between 
id, ego, and superego; his motor-percep- 
tual region includes some but not all 
of the functions of the Freudian ego.’ 
Lewin is, indeed, largely unconcerned 
with the specific content of the person- 
ality, with the distinction between con- 
scious and unconscious motivation, and 
with the historical development of the 
person; it is impossible to discuss 
Freud’s topographical divisions apart 
from such considerations. Again, Lewin 
has not discussed the content and na- 
ture of the forces responsible for be- 
havior; thus the parallel with Freud’s 


*For example: “It is to a certain degree 
arbitrary where one draws the boundary be- 
tween the motor-perceptual system and the 
inner regions, whether for instance one con- 
siders the understanding of speech as an event 
within the boundary zone or within the inner- 
personal systems” (16, p. 178). 
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statements about dynamics can be main- 
tained only if one turns one’s attention 
away from the specifics of Freud’s suc- 
cessive instinct theories. It is indeed 
possible to find parallels between Lewin’s 
statements about the tendency of sys- 
tems under tension to seek discharge 
and Freud’s formulations about the 
pleasure principle; but to equate the 
two is to lose the specific character of 
both the pleasure and reality principles 
and to neglect Freud’s theories about 
behavior which is independent of the 
pleasure principle (8). 

A further illustration will be given of 
the tendency prevailing in contemporary 
psychology to reconcile the ideas of 
Freud and Lewin. Another author 
writes: “It is the thesis of this paper 
that a synthesis of the ideas of Lewin 
and Freud provides a basis for the be- 
ginnings of an integrated system of psy- 
chological theory ...” (5, p. 206). 
More specifically, “We have already 
noted the structural parallelism between 
Freud’s divisions of the personality and 
Lewin’s psychical systems” (5, p. 222). 
This writer, it is true, limits the paral- 
lelism, remarking, “Freud has provided 
the living clay for the Lewinian scaf- 
folding” (5, p. 228).° Still, closer ex- 
amination suggests that essential differ- 
ences between the “living clay” and the 
“scaffolding” have been neglected. For 
example, “One of these [defense mecha- 
nisms], projection, becomes the equiva- 
lent for Lewin’s unreality” (5, p. 222). 
While there are, of course, important 
components of unreality in projections, 
the two concepts are by no means 
equivalent, if only because not all events 
on a level of unreality (for example, 


5In this connection Bronfenbrenner com- 
ments on Lewin’s neglect of the content of 
psychical systems: “This is indeed an unfor- 
tunate oversight” (5, p. 214). The thesis will 
be developed elsewhere that this is no over- 
sight, but that Lewin undertook a different 
task. 
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dreams, fantasies, vague hopes and 
wishes) can be described as projections, 
at least as Freud uses the term. Again, 
to put the Freudian unconscious “di- 
rectly into Lewinian language” by say- 
ing that “there are sub-systems within 
the region of the self which are not in 
communication with each other” (5, p. 
225) is to slip over the specific nature 
of unconscious processes in Freudian 
theory. Furthermore, if this is meant 
as an equation, it fails to do justice 
to the very important communications 
which do exist between conscious and 
unconscious systems. The point may 
be illustrated by the dream, which 
draws upon the person’s waking experi- 
ences (e.g., experiences of the “dream 
day”) and which is recalled by the 
waking individual. 

Another instance of a premature rec- 
onciliation of Gestalt psychology and 
psychoanalysis may be taken from the 
work of Witkin et a/. (18).° These au- 


thors point out: 


Although psychoanalytic theory, in its concep- 
tion of primary and secondary processes, rec- 
ognizes the relation between intellectual func- 
tioning and personality, it has not really been 
concerned with the nature of secondary proc- 
esses. . . . Gestalt psychology, in contrast, has 
offered a well-developed theory of cognition, 
in which the role of the nature of reality in 
determining perceptual and thought processes 
has been emphasized. But . . . Gestalt the- 
ory has on the other hand neglected the role 
of personal factors in perception. By show- 
ing that a perceptual act cannot be under- 
stood without reference to both personal fac- 
tors and the nature of reality, studies such as 
ours help to bridge the gap between Gestalt 
and psychoanalytic theory, and provide a 
basis for bringing together the main aspects 
of both into a single comprehensive theory of 
human psychological functioning (18, p. 481). 


If, as I believe, the authors are cor- 
rect in saying that “there is still lacking 


6 These remarks in no way detract from the 
excellence or the significance of these authors’ 
study. 
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in psychoanalytic theory any specific ac- 
count of cognition or of the nature of 
secondary process” (18, p. 481), and 
that Gestalt psychology has neglected 
personal factors in perception—these are 
precisely the reasons why studies such 
as theirs do not help to bridge the gap 
between the two theories. The gap can 
be bridged only by a true reconciliation 
of existing differences; and since these 
two approaches have been concerned, as 
the authors point out, with such differ- 
ent areas of psychology, it is difficult 
even to know where the essential differ- 
ences lie. A systematic analysis of the 
assumptions of both psychologies, one 
concerned with implicit as well as ex- 
plicit assumptions, would undoubtedly 
reveal both important differences and 
surprising compatibilities of the theories. 
But in the absence of such an analysis 
we cannot, without glossing over real 
differences, say that a particular finding 
helps to bring the two theories together. 
To do so, it would need to be showa 
(a) that the results demand a theory 
which reconciles actual differences be- 
tween the two approaches; or (4) if the 
two psychologies are in agreement in the 
area in question (which would require 
demonstration), that the findings can be 
handled in terms which are compatible 
with both. 

To say, in other words, that both per- 
sonal factors and reality factors deter- 
mine a perceptual effect is to pose a 
problem. It is to point out that we 
need a human psychology which will 
include both kinds of factors; but it is 
not to say that such a psychology will 
be compatible with Gestalt psychology 
or with psychoanalysis or both. To the 
present writer it seems more likely that 
a finding which cannot be handled ade- 
quately within the framework of either 
of these existing systems will demand, 
not a reconciliation of the two admit- 
tedly incomplete theories, but rather a 
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new theory. 
cussed below. 

A final example, which will show again 
how eclectic reconciliation of differences 
may be achieved at the expense of a 
specific theory in the area of the con- 
troversy, may be taken from Welch 
(17). This author has offered some 
fundamental propositions which he be- 
lieved should be acceptable both to Ge- 
stalt psychology and to contemporary 
behaviorism. For example, “perceiving 
is the result of a stimulus compound 
producing effects upon the sense organs 
which establish brain traces similar to 
or in otherwise related to brain traces 
formerly established” (17, p. 181). 
Surely everyone will agree that present 
percepts are related to traces of past 
ones; where dispute exists it concerns 
the specific effects of past experience on 
perception. Welch has succeeded in rec- 
onciling the differences by omitting the 
specific area of controversy. Again, we 
are told: 


This point will be dis- 


In interacting with its environment, the or- 
ganism changes in many ways... . [Among 
other changes] it may learn. Learning is the 
effect of a stimulus compound or stimulus 
compounds upon the nervous system of the 
organism and the responses which these evoke, 
that makes possible the establishment of new 
responses, as a result of such experiences (17, 
p. 187). 


Many psychologists may, indeed, accept 
this as a rough definition of learning. 
But when one leaves this level of gen- 
erality and raises the question of how 
this process is to be envisaged, this 
happy harmony disappears. Hilgard 
points out: “There are no laws of learn- 
ing which can be taught with confi- 
dence” (12, p. 457). Likewise no one 
questions the fact that “behavior of any 
type is the result of the interaction of 
the organism and its environment” (17, 
p. 176). But what is the nature of this 
interaction? What are the roles of or- 
ganism and environment? Here are 
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questions on which different writers have 
taken divergent positions. (Cf. 11.) 
While no one will disagree that memo- 
rizing and generalizing (17, pp. 181, 
182) occur, and while Welch’s defini- 
tions might provoke little controversy 
as rough identifications of the phe- 
nomena in question, different theories 
exist about the nature of these processes. 

It will be clear from the above dis- 
cussion that the existence of facts which 
all psychologists accept is irrelevant to 
the problem of eclecticism. Likewise 
the circumstance that some develop- 
ments in psychology have called atten- 
tion to facts ignored by others has no 
bearing on the issue. The important 
questions are: How are these facts un- 
derstood? and What is their place in the 
overall theoretical system? Even where 
agreement exists as to the facts, differ- 
ences are current with respect to these 
questions. 

In all the examples considered here, 
it would appear that differences have 
been reconciled and controversy elimi- 
nated at the price of obscuring the issues 
with which research is concerned in con- 
temporary psychology. 

Boring, years ago, pointed out the 
productive role of controversy in scien- 
tific research (2). Not only does the 
eclectic lose prematurely the advantages 
of controversy, he may to some extent 
give up the advantages of theory as well. 
The above discussion contains the sug- 
gestion that the eclectic at times re- 
nounces specific theory in the area of a 
controversy in order to reconcile differ- 
ences. This statement will be qualified 
below. But now attention must be 
drawn to a consequence of the intimate 
relation between fact and theory. 

There is a certain amount of fact that 
can be discovered in the absence of any 
theory. For example, time errors forced 
themselves to the attention of psycholo- 
gists who were concerned with quite dif- 
ferent problems. For the most part, 
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however, problems for investigation arise 
out of the theories one holds. New 
facts are discovered in the course of re- 
search designed to test one’s hypotheses. 
To the extent, therefore, that the eclec- 
tic gives up specific theory in the area 
of a controversy, he is handicapped in 
the discovery of new facts. 

Closer examination will, however, 
often show implicit theories which may 
contradict the eclectic’s avowed inten- 
tion by placing him in a position on one 
side or the other of the (now only im- 
plicit) controversy. Woodworth, for ex- 
ample, deals with transfer in terms of 
carrying over something from one learn- 
ing situation to another rather than in 
terms of application of what has been 
learned to the training tasks as well as 
to the new ones. That is, transfer is 
seen as occurring because knowledge ac- 
quired in the original training is car- 
ried over to the new activity; the new 
tasks, to the extent to which they are 
similar to the learned ones, are consid- 
ered already partially learned. The al- 
ternative is ignored that what is learned 
is not tasks but principles or other whole 
properties; thus the training activity 
may merely provide examples of the use 
of the principle which can be applied 
equally to the new situation. Wood- 
worth’s theory is thus close to a theory 
of identical elements in this respect, op- 
posing one derived from the study of 
learning by understanding (13, Chap. 
5) and, indeed, unable to deal with 
many cases of such learning.” This 

7If a theory of common factors were cor- 
rect, there should never be more than 100 per 
cent transfer, since two activities cannot have 
more than 100 per cent of their factors in 
common. Yet, as Katona has shown (13), 
cases exist in which performance on the test 
activity is superior to that on the training 
task. 

It is of interest to note also that Wood- 
worth’s theory, while it succeeds in reconcil- 
ing the differences, appears to lump together 
cases that do not belong together. There is 


evidence that transfer of specific data is dif- 
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consequence is particularly impressive 
since, as will be illustrated immediately 
below, Woodworth is by no means op- 
posed to learning by understanding; it 
is another instance of the confusions 
which eclecticism breeds. 

In another place Woodworth calls at- 
tention to the following controversy: 


Among present-day theories of learning those 
which emphasize reenforcement or the law of 
effect minimize the perceptual factor, often 
stigmatizing it as “mentalistic’” and impossible 
to conceive in physical terms, while those 
which emphasize perceptual learning are apt 
to deny any direct importance to the factor 
of reenforcement (20, p. 119). 


In attempting to show that there is “no 
obvious incompatibility” of these two 
factors, he makes (explicit) assumptions 
about learning as a cognitive process ® 
which would be likely to be unaccept- 
able to many S-R theorists, and (both 
implicit and explicit) empiristic assump- 
tions about perception® which many 
ferent, in process as well as in the magnitude 
of the effect, from the application of prin- 
ciples derived from one set of data to new 
material. (Cf. 13.) 

8 For example: “As to connections, several 
may be established before the conditioning is 
complete, but the primary one connects the 
conditioned stimulus with the meaningful 
character it acquires as the first event in a 
regular sequence” (20, pp. 121-122). Also 
“In experiments that offer alternatives and 
demand a choice, what has to be learned is a 
distinction between stimulus-objects and not 
between motor responses. . . . What has to be 
learned is the difference between the two 
alleys” (20, p. 122). 

®“When a new percept is in the making— 
when an obscure stimulus-complex is being 
deciphered, or when the meaning of a cue or 
sign is being discovered—an elementary two- 
phase process is observable. It is a trial-and- 
check, trial-and-check process. The trial phase 


- is a tentative reading of the sign, a tentative 


decipherment of the puzzle, a tentative char- 
acterization of the object; and the check phase 
is an acceptance or rejection, a positive or 
negative reenforcement of the tentative per- 
ception” (20, p. 124). 

Among the implicit assumptions seems to be 
the view that organization is not primary in 
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cognitive theorists might find equally 
unacceptable (assumptions, incidentally, 
which are not necessarily consistent with 
those about the learning process) .’° 

Several questions suggest themselves 
with respect to the theory implicit in 
eclectic solutions. (a) A question worth 
examining is whether there is a tend- 
ency for such implicit theory to be too 
heavily weighted in the direction of tra- 
ditional theory. As the above examples 
show, this need not always be the case; 
but it seems plausible to think that 
when theory is not explicit, and thus 
not examined, it draws upon doctrines 
prevailing both in psychology and in the 
culture in general rather than upon the 
newer and less widely accepted theoreti- 
cal currents. In a similar connection 
Kohler has pointed to a certain con- 
servatism in eclecticism: 


. it has been said with approval that psy- 
chology now tends to be eclectic. Again, we 
have been told that in psychology we had 
better stay in the middle of the road. I can- 
not agree with these prescriptions because, if 
they were followed, psychologists would have 
to look first of all backward. In an eclectic 
attitude, they would be too much concerned 
with ideas which are already available; and, 
in attempting to find the middle of the road 
in psychology, they would have to give too 
much attention to the tracks along which 
others have moved before them. Such atti- 
tudes could perhaps be recommended if, in 
perception, nor prior to the effects of learn- 
ing; as well as the idea that there is no fruit- 
ful distinction to be made between perception 
and interpretation. 

10 As a final illustration, Welch states: “This 
distinction between elementary and _ higher 
forms of learning involves the distinction be- 
tween a situation where the new elements are 
simple in nature, or simple in character and 
are simply integrated, and a situation where 
the new elements are complex and integrated 
in a complex manner” (17, p. 188). This 


statement implies an elementaristic view of 
the learning process—learning being envisaged 
as the integration of elements—which would 
be far from acceptable to all the psychologists 
Welch is trying to reconcile. 
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research, security were an important issue 
Actually there is no place for it in this field. 
In research, we have to look forward, and to 
take risks (15, p. 136). 


(4) Another question which arises in 
connection with the theory underlying 
eclectic solutions is the following: since 
such theory is often implicit, and thus 
unexpressed and unexamined, is it ade- 
quate to lead to the discovery of new 
facts? For example, since the idea of 
“carrying over” (i.e., as opposed to that 
of “application”) is only implicit in 
Woodworth’s theory of identical com- 
ponents, it seems unlikely that it would 
be subjected to test. Or again, the im- 
plicit elementarism in Welch’s statement 
about learning (cf. Footnote 10) is un- 
likely to be tested since the author’s 
main focus is on other aspects of the 
statement. 

Also worth looking into in connection 
with the theory implicit in eclectic solu- 
tions are the questions of its adequacy 
for ordering the facts and its suscepti- 
bility to proof or disproof. For exam- 
ple, to say that “something” is trans- 
ferred is too unspecific a statement of 
the conditions of transfer to test em- 
pirically. Any finding of transfer seems 
to confirm it, and there is no result 
which could disprove it. Again, it has 
been suggested above that the theory 
implicit in a given eclecticism is not al- 
ways internally consistent. This is a 
question which deserves examination in 
connection with particular eclectic psy- 
chologies. 

We may summarize the discussion so 
far by saying that eclectics have to a 
large extent succeeded in resolving con- 
flicts in psychology by ignoring differ- 
ences and obscuring the issues. Some 
reasons for dissatisfaction with such solu- 
tions have been indicated.’* Is there no 


11Jt is of interest to note that eclecticism 
seems to have presented similar problems in 
other fields of knowledge in their comparative 
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alternative? It seems to the present 
writer that reconciliations can be reached 
in psychology only by focusing on the 
existing differences, examining them, and 
carrying on research to settle issues. If 
this is eclecticism, it is eclecticism after 
the fact rather than the prevailing eclec- 
ticism before the fact. And it is clear 
that it will not be a matter of reconcil- 
ing existing theories. Since competing 
theories on any particular issue in psy- 
chology today—or competing psycho- 
logical systems—each tend to be plau- 
sible and to be supported by evidence, 
it is unlikely that any one will win a 
clear victory over the others. Yet none 
can offer a fully satisfactory explanation 
—or else the controversy would not 
exist. Controversies do not exist in sci- 
ence with regard to processes which are 
fully understood. Thus the task seems 
to be one of arriving at new, more com- 
prehensive theories of the processes in 
question. 





youth. I quote an observation on the medi- 
cal science of a century ago: “. . . And as the 
rules derived from fundamental truths seemed 
to come into unsolvable contradiction with the 
experiences and the sanctioned standards of 
practice, there sprang up under the name 
Eclectic the representatives of sober elucida- 
tion, of the juste milieu, of the medium of the 
extremes. The breach between theory and 
practice, which they feared, was avoided or 
postponed if theory gave up the pretension 
to penetrate into particulars and if practice 
agreed that, because of its youthful immatur- 
ity, it should be excluded from counsel, and 
progress in silence and in hope. The conflict 
was settled and peace was achieved, not by 
the reconciliation of the parties, but by sepa- 
rating them. The so-called impartial exami- 
nation of the facts should lead only to a 
middle road between them. [The eclectics] 
thought they had principles and avoided their 
application; they proclaimed themselves free 
and in practice clung to the consequences of 
old dogmas. They practiced tolerance not be- 
cause they included the truth of each dogma, 
but because a chasm existed between theory 
and life, beyond which theory didn’t matter” 
(9, p. 9). 
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An example should make this clear. 
It seems safe to say that theories of for- 
getting arising out of experimental psy- 
chology have found no adequate place 
for the facts of repression. Nor have 
the psychoanalysts succeeded (or tried) 
to bring these facts into relation with a 
general theory of memory and forget- 
ting. Can the two kinds of theories be 
brought together? It seems to me that 
the most fruitful starting point is not 
the attempt to reconcile existing theo- 
ries. Actually, useful theories of repres- 
sion do not exist. (Cf. 6 for a simi- 
lar point, more generally stated.) It is 
hardly sufficient to say: 


Repression proceeds from the ego, which, pos- 
sibly at the command of the superego, does 
not wish to be a party to an instinct cathexis 
originating in the id. Through repression the 
ego accomplishes the exclusion from conscious- 
ness of the idea which was the carrier of the 
unwelcome impulse (7, p. 19). 


This statement contains no hypothesis 
about the processes involved, about how 
repression can possibly be brought about. 
Thus there seems to be no point to at- 
tempt to reconcile the theories of ex- 
perimental psychology and of psycho- 
analysis on repression; neither has an 
effective theory in this area. What we 
need is to look into the processes them- 
selves, in the light of what we know 
about forgetting in general (cf. [10]). 
Can affective processes act, for example, 
to produce a failure of the Héffding 
function—i.e., that selective interaction 
between present process and memory 
trace which is the basis of recognition 
and the first step in the process of re- 
call? (Cf. 14, pp. 126 ff.) Under what 
conditions can emotional and motiva- 
tional processes introduce interferences? 
Answers to such questions might lead 
not only to a hypothesis about the na- 
ture of repression, but might also intro- 
duce considerable modification into our 
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present theories of the nature of for- 
getting in general. 

The eclectics are, of course, right in 
maintaining that where a genuine con- 
troversy exists in psychology, and where 
evidence seems to support both sides, 
there is likely to be some truth to both 
positions. But they solve their problem 
too soon. Existing theories cannot be 
made more comprehensive by adding di- 
vergent ones together. They can be 
broadened to include all the relevant 
evidence only by looking more deeply 
into the phenomena with which they 
are concerned; and this means arriving 
at new theories. 

At this point the parallel between pro- 
ductive solutions of theoretical problems 
and of personal problems becomes strik- 
ing. In connection with the reconcilia- 
tion of opposites within the personality, 
C. G. Jung points out that conflicts are 
never resolved on their own level. They 
are outgrown. Only on a higher level 


can you see both sides. 


SUMMARY 


Examples have been presented to show 
that eclectics tend to resolve conflicts in 
psychology by glossing over real differ- 
ences and obscuring the issues. Such 
solutions achieve harmony at the price 
of specific theory in the area of the con- 
troversy, and thus sacrifice fruitfulness 
in the discovery of new fact. Closer 
examination often reveals implicit theo- 
ries underlying such solutions, but un- 
expressed and unexamined theory can 
hardly be expected to equal explicit hy- 
potheses either in fruitfulness or in ade- 
quacy in dealing with known facts. 

It is here suggested that differences 
need to be resolved in psychology not 
by denying them and attempting to 
combine existing theories, but by focus- 
ing on the differences and using them 
to get a better view of the relevant phe- 
nomena. We will achieve more compre- 
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hensive theories not by combining ex- 
isting ones but by understanding better 
the processes in question. 
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VISUAL PERCEPTION: AN EVENT OVER TIME 


GUDMUND SMITH? 
Research Center for Mental Health, New York University 


Most psychologists would certainly 
agree that perception—or more broadly, 
cognition—like other aspects of behav- 
ior, is not an instantaneous datum but, 
instead, that it should be considered an 
event over time. There are only a few 
of them, however, who have consistently 
entertained this self-evident notion when 
designing their experiments and their 
explanatory models. Until recently only 
the Leipzig psychologists, in their study 
of the Aktualgenese of percepts, had 
tried to make the microgenesis of per- 
ception the center of their experimental 
and theoretical approach. Their ad- 
mitted failure to call attention to the 
genetic point of view must in part be 
attributed to their method of develop- 
ing concepts which were mainly of a 
descriptive order (for further criticism, 
also methodological, see 8), and in part 
to the inability of current schools of 
psychology to include the Leipzig find- 
ings in their explanatory systems. 

This paper is not intended as an at- 
tempt to rehabilitate the Leipzig school, 
however justified that may be, but an 
attempt to reconsider the genetic ap- 
proach to problems of visual perception. 
In view of recent contributions within 
the fields of personality and perception, 
such an approach may seem more re- 
warding than it did thirty years ago; 
Hebb, for instance, in his physiological 
theory, takes into account the “phase se- 
quence” as a prerequisite for the organi- 
zation of a percept (5). The present 
author and his collaborators have tried 
to demonstrate, more specifically, that 
“serial” interpretations of perceptual re- 
ports continuously repeated in the same 
experimental situation (a situation which 


1 Now at the University of Lund, Sweden. 
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should be so new or so complicated as 
not to allow an adequate report after 
only one trial) often tended to reveal 
more about an individual’s adaptive 
mechanisms than interpretations only 
of the final, stabilized reports or of the 
usual summary scores (10, 13). Our 
basic consideration thus implies that 
we look upon perception (cognition) as 
a process of organization, emphasizing 
that it needs time to be prepared, 
evolved, and established. This consid- 
eration has been developed in earlier pa- 
pers (e.g., 11) and partly in coopera- 
tion with Kragh (8); although some 
points where the present author differs 
from him will be mentioned later (cf. 
12). 
Bastc ASSUMPTIONS 


The process of visual perception 
should not be confused with what is 
generally called percepts, which are 
products of the process fitted into a 
frame of reference of outside reality. 
It would be even more correct to say 
that percepts normally are the products 
of late phases in a process of organiza- 
tion, the preparatory phases of which 
are therefore valid objects of study. 
Some important characteristics of these 
early or preparatory phases are im- 
plied already in the basic consideration. 
First of all, we have to assume that 
these stages do not generally produce 
percepts; only rarely do we become 
aware of our own perceptual processes. 
This assumption is of extreme impor- 
tance for any genetic theory of percep- 
tion, since it indicates that we do not 
have to conceptualize preparatory stages 
in terms of finished products, e.g., as 
faint copies of established percepts or of 
stimuli, or as reflections of physiologi- 
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cal or other processes hypothesized on 
the basis of end-product behavior (11). 
It is more natural to assume that prepar- 
atory stages often differ from end stages 
just because they have not been able to 
produce percepts. Such premature prod- 
ucts of early stages would probably be 
suppressed, at any rate, in favor of 
something more suitable for the frame 
of reference of outside reality. 

When the perceptual process is in- 
hibited, as in a tachistoscopic experi- 
ment where exposure times are too brief 
for a correct perception of the stimulus, 
early stages of the perceptual process 
can be forced to produce a percept. But 
we know that these percepts are often 
diffuse and equivocal. Another char- 
acteristic of preparatory stages might 
therefore be that they embrace numerous 
“possibilities” for further development. 
Let us, to simplify matters, call it an un- 
specific attention toward something that 
is going to emerge (e.g., to be seen), a 
mobilization of a system for many possi- 
ble activities. As the ideal perceptual 
process continues in a situation with 
prolonged stimulation, however, more 
and more of these possibilities fall into 
the background in favor of the one possi- 
bility that coincides with the stimulus 
(or, with a normative conception of the 
stimulus), in favor of the unequivocal 
reality of the individual (or his culture, 
or his language). Only fairly unequiv- 
ocal stages can produce percepts, at 
least in so-called normal human beings. 
We should then state, more generally, 
that one possibility has to be singled 
out for the perceptual process to pro- 
duce a percept—and, of course, not al- 
ways the possibility that is correct from 
the point of view of stimulus. We know 
well by now that even “normal” people 
can perceive incorrectly. 

Now we can be a little more specific 
about some additional characteristics of 
the preliminary stages. It seems rea- 
sonable to assume that it is not im- 
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possible for them to harbor completely 
contradictory possibilities of develop- 
ment, i.e., contradictory from the point 
of view of outside reality (stimulus). 
When reversible figures are presented 
near or below the threshold of aware- 
ness, many individuals seem to recall 
both “sides” of them at the same time; ” 
or they report the correct percept as well 
as various incorrect ones, the full-fledged 
Gestalt along with fragments of it, etc. 
Although we conceive preliminary phases 
as encompassing contradictory possibili- 
ties “side by side,” we should not think 
of them as a number of superimposed 
percepts. As stated above, the prepara- 
tory stages should not be conceptualized 
in terms of established ones. It would 
probably be more fruitful to try to relate 
preparatory phases to final ones in the 
same formal way as primary processes 
are related to secondary ones in psy- 
choanalysis; i.e., only the final phases 
have to adhere to the logic and organi- 
zation of outside reality. A later stage, 
however, cannot be fully understood 
with reference only to this outside re- 
ality, to the stimulus. The main em- 
phasis, from the genetic point of view, is 
upon the sequence over time, the inter- 
pretation of late stages in the light of 
earlier ones. Even if the later stage is 
different in scope and organization from 
previous stages and, emerging on top of 
the sequence, is in control of them, the 
roots of this stage are still to be found 
in the preparatory part of the per- 
ceptual process. 


THE AKTUALGENESE APPROACH 


The Leipzig school made an attempt 
to capture the perceptual process by pre- 
senting the same stimulus, first at very 
brief exposures, then at gradually pro- 


longed ones. Alternative methods were 
also employed, e.g., when the intensity 


2 Charles Fisher: Lecture at New York Uni- 
versity, 1956. 
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of the stimulus was increased from one 
trial to another. It was assumed. that 
the shorter the presentation, or the 
lower the intensity of the stimulus, the 
earlier the stage at which the process 
was forced to produce a percept. Kragh 
(8) has refined the tachistoscopic method 
considerably: he used new types of 
stimulus material, e.g., TAT-like pic- 
tures, and tried to define the “fraction- 
ized” stimulus more rigorously than be- 
fore. But it is even more important 
that he developed his serial or micro- 
genetic method in close relation to a 
conceptual model of perception-person- 
ality. The two concepts supporting his 
model are construction and reconstruc- 
tion. Construction refers to the evolv- 
ing process of organization, the ideal 
end product of which is the correct per- 
cept. But our knowledge about such a 
process is always based upon a series 
of reports of gradually prolonged stimu- 
lation. In order to describe the tem- 


poral organization of a percept we thus 
use the method of reconstructing stages 
before the final stage; i.e., various phases 
of the process of construction have been 
enticed prematurely to produce percepts 
fitted to the conceptual level of the end 


product. Nevertheless, a series of re- 
ports of a stimulus exposed for grad- 
ually extended times should, according 
to Kragh, reflect the microscopically 
short genesis of a percept even if the 
filtering process of reconstruction de- 
prives the early stages of some of their 
qualities. Since such a series of pre- 
liminary reports implies a continuous 
progress toward the final percept, how- 
ever, qualities lacking in early stages 
may frequently be inferred from later 
stages. 

It is not our intention to question here 
the assumption that these perceptual re- 
ports belong to the same process of or- 
ganization. But we are less optimistic 
than Kragh as to the possibility that a 
report in his experiment can be regarded 
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as a veridical representation of the early 
stage at which the perceptual process 
was supposed to have stopped. Kragh’s 
concept .of reconstruction pays ‘attention 
to the fact that, in Aktwalgenese experi- 
ments, early stages have to be com- 
municated on an end-stage level, but 
it does not refer explicitly to the equally 
important fact that, since percepts have 
to fit into reality, a number of other 
perceptual possibilities must have been 
disguised or omitted in order to facili- 
tate the event of a percept. Thus, in 
Aktualgenese experiments, a series of 
early reports are likely to reflect the 
early part of the perceptual process very 
insufficiently, or at least in the same 
complicated manner as dream condensa- 
tions reflect primary as well as second- 
ary processes. But this does not pre- 
clude the assumption that they represent 
very powerful possibilities of develop- 
ment which may manifest themselves in 
one experiment after the other, only 
slightly disguised. One possibility of 
this kind would naturally be the correct 
percept, as was demonstrated by the 
compulsive group in Kragh’s experiments 
(8); these people tended to proceed 
directly from blank stages to correct 
ones, i.e., to avoid or isolate all incor- 
rect possibilities. In other subjects it 
was evident that many of the alterna- 
tive perceptual possibilities were related 
to important personal experiences far 
back in life. 

Another important assumption is that 
the perceptual process developed over an 
intermittent series of short presentations 
is equivalent to the process accompany- 
ing one long presentation of the same 
stimulus. Kragh maintains that there is 
an approximate similarity between ev- 
eryday perception and perception in Ak- 
tualgenese experiments, partly because 
our fixation even of immovable objects 
is likely to be intermittent. But these 
intermittent fixations in normal percep- 
tion are not accompanied by conscious 
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perceptual products differing in degree 
of clarity and correctness; i.e., while 
tachistoscopic experiments tend to fix 
the perceptual process at various stages 
of organization, the normal process is 
probably more continuous. It seems 
only reasonable to assume that the course 
of perceptual organization will change 
more or less drastically when one of 
its erroneous alternatives appears as a 
conscious percept. The Aktualgenese 
method also tends to hamper the feed- 
back mechanics which probably play an 
important role in normal perception (1). 
These and previous considerations re- 
garding the influence exerted on the per- 
ceptual process by the Aktualgenese 
method may be important for the as- 
sessment of conclusions based on Ak- 
tualgenese data. But they give us no 
reason to abandon the working hypothe- 
sis that perception is a process of or- 
ganization extending over microtime. 


ELABORATION OF SOME Basic 
ASSUMPTIONS 


One of the basic assumptions for this 
model of perception is that the “germ” 
of a correct percept is embodied already 
in early stages of the perceptual proc- 
ess. Naturally, this would be true only 
in cases where, from the stimulus point 
of view, a correct perception was possi- 
ble, i.e., where the retina was able to 
register a sufficiently large part of the 
object, etc. If this was not the case, 
the perceptual process would have to be 
reinforced by way of a new fixation. 
Any repeated or prolonged fixation 
would certainly strengthen the correct 
possibility. Let us assume, at the same 
time, that early stages are more prone 
to produce ideas, dreams, etc., than per- 
cepts—an assumption in complete ac- 
cordance with previous assumptions 
about these stages. It is hardly sur- 
prising, then, that in dreams which their 
patients reported on the morning after 
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the experiment, Poetzl (9) and Fisher 
(4) found exact copies of those parts 
of the stimulus that had not been con- 
sciously perceived together with frag- 
ments of them. We are convinced, fur- 
thermore, that many more “distorted” 
products of the same process would be 
found in these dreams if there was any 
acceptable method to account for them. 
The more we reduce the intensity or 
duration of stimulus the easier it will be 
for “incorrect” products to appear in- 
stead of the correct one. And when the 
stimulus itself is equivocal, as in many 
projective tests, there is no longer any 
“correct” possibility. 

The exact nature of the perceptual 
process hypothesized here may still seem 
a little mysterious. The primary source 


of knowledge is perceptual reports, either 
reports of end stages obtained under 
optimal stimulus conditions or of such 
quasi end stages as imply that the per- 
ceptual process has been prematurely in- 
terrupted. An alternative to the latter 


methods will be described later in this 
paper. But these sources are still in- 
sufficient to account for the perceptual 
process. If our main postulates are cor- 
rect we can learn much about it, espe- 
cially its early phases, by studying such 
products as dreams, images, etc., i.e., 
products that cannot be accepted as 
outside reality here and now. In this 
way we bring the study of perception 
into the broader field of personality. 
We may even say that the process of 
perceptual organization is a reflection 
of personality in the same way as its 
end products are refiections of the re- 
ality built up around the individual. 
When we thus postulate that we can 
learn much about basic processes in the 
individual by reconstructing the con- 
struction process of perception, we have 
not implied anything mysterious or even 
radically different from current concep- 
tions about perception-personality. 
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PERCEPTION-PERSONALITY 


The process of perceptual organization 
may be described essentially in formal 
terms or in terms mainly of content. It 
is expected to show characteristics typi- 
cal of the individual, so-called consist- 
encies or structures, and also charac- 
teristics closely related to the current 
situation. Some structures would be 
more typical of the early phases of the 
process than of later ones because the 
objectivized conception of reality is simi- 
lar in most individuals; this possibility 
has been realized in much present-day 
perception-personality research where 
the intensity or clarity of the stimulus is 
cut back. But this would not be enough 
to account for the structures reflected in 
the perceptual process. Structures also 
refer to the longitudinal aspects of the 
process, the way in which certain end 
stages are reached and others warded 
off, to all those aspects of control of the 
organization process which are termed 
cognitive attitudes or system principles 
(2, 6). For instance, while the per- 
ceptual processes of compulsive people 
seem to be controlled by an _all-or- 
nothing principle, by avoidance of all 
stages between a blank report of stimu- 
lus and a correct one, those of other peo- 
ple tend to develop more continuously 
over a series of more or less incorrect 
(subjective) reports (8, 15). However, 
we do not have to explain these and 
other characteristics of the process by 
referring to constructs outside the proc- 
ess, or method, itself. The explanatory 
constructs are given in the process of 
construction and the operation of recon- 
struction by which this process is un- 
veiled. 

It would be even more correct to say 
that the explanatory constructs of any 
temporarily limited process of organiza- 
tion are ultimately given in that all- 
embracing continuous process of con- 
struction the qualities of which we find 


in the life history of the individual. A 
perceptual process is naturally to be re- 
garded as a continuation of this chain 
of adaptive events. Then, in its vari- 
ous stages the perceptual process must 
also be marked by primary or second- 
ary characteristics of personality or- 
ganization; the incorrect “possibilities,” 
for instance, are not accidental (how 
could they be?), but often reflect those 
experiences out of which the current in- 
dividual was shaped (8). Thus percep- 
tion has the same roots as other forms 
of behavior, although its end products 
manifest themselves in the specific frame 
of reference of outside reality. We may 
go even further and assert that percepts 
and some aspects of simultaneous overt 
behavior are two sides to the same event, 
an assumption implied in our common — 
acceptance of verbal reports as indica- 
tive of percepts. But while numerous 
unsuitable products of a process of or- 
ganization cannot manifest themselves 
as percepts, they may appear in other 
forms of behavior which do not have to 
be so closely fitted into a normalized 
framework. And these reflections of 
preparatory stages, as said above, are 
most obvious in such products as were 
discarded in the perceptual process as 
unsuitable representatives of outside 
reality, viz., our own dreams, images, 
hopes, phantasies and the like (see also 
below concerning the measurement of 
nonverbal forms of behavior). Only by 
studying all behavior manifestations can 
we learn the full story of perception. 


PERCEPTION BEYOND AWARENESS 


The problem of perception beyond 
awareness must be considered crucial 
for the approach outlined here, which 
implies that an exhaustive study of the 
problems of perception cannot be re- 
stricted to the characteristics of con- 
scious end products. In collaboration 
with a number of other psychologists, 
the present author has tried a new tech- 
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nique for investigating preconscious as- 
pects of the perceptual process. This 
technique has been reported in detail 
elsewhere (7, 14, 15, 16). The follow- 
ing procedure may be regarded as typi- 
cal (cf. also 3, 17). Two stimuli are 
exposed in rapid succession in a tachisto- 
scope. The exposure time for the second 
of these stimuli (B) is so long as to ad- 
mit of a correct, stabilized perception of 
it, while the first stimulus (A) is pre- 
sented too briefly to be conceived as an 
independent entity by the subject. Since 
A and B appear on the same part of the 
stimulus field, one can say that the per- 
ception of A is extinguished by the per- 
ception of B. But in a number of 


subjects the subliminal perception of A 
affects the perception of B in various 
ways; the two percepts seem to coalesce 
into a changed perception of B. This 
is to say, we study a perceptual process 
(A) beyond awareness by reading off its 
effects on an adjacent, conscious percept. 


In some of our studies, the phase of 
the A process influencing the percep- 
tion of B seemed to have been com- 
paratively late, at least so late that the 
stimulus “possibility” asserted itself be- 
yond other possibilities. This was evi- 
dent in an experiment where a fan- 
shaped line pattern (Stimulus A) in- 
fluenced a square (Stimulus B) as if the 
former subliminal stimulus had been cor- 
rectly perceived; i.e., the square de- 
veloped into the same rhomboid as in the 
well-known illusion with B on the lined 
background of A. But although the A 
process thus changed the reports of B 
in a direction predictable from the cor- 
rect A, it was still too weak and diffuse 
to assert itself as a full-fledged percept 
beside the B percept. If it should be 
represented at all it had to be repre- 
sented within the context given by the 
latter percept. However, while this ex- 
periment was designed to prove only 
that the perception of B may be af- 
fected by a perceptual process beyond 
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awareness, later experiments indicated 
that the relations between the precon- 
scious process and associated conscious 
reports differed interindividually (15, 
16). Here stimuli were more complex 
and were made up of meaningful line 
drawings. In other words, the charac- 
teristics of early stages of the perceptual 
process, as implied in reactions to B, 
did not reflect only characteristics of the 
subliminal stimulus but also reflected 
basic cognitive attitudes, e.g., the de- 
fence mechanisms of projection and iso- 
lation. Thus in a paranoid group the 
subliminal influence of A upon the per- 
ceived reality context (B) was often 
drastic, and varied from one individual 
to another, whereas in a compulsive 
group the A process seemed to be iso- 
lated from B until A emerged as a cor- 
rect, independent entity (15). 

It seems rather self-evident that a 
vague and equivocal conscious percept 
would be more easily affected by a sub- 
liminal process than would a clear and 
well-structured percept. In an experi- 
ment with a complex B, a face, we 
found greater effects in the beginning of 
a series of reports than later, when the 
impression of the face became more 
stabilized; only when the exposure time 
for A approached threshold values did 
its influence on the perception of B in- 
increase again (16). It was interesting 
to note that the effect of subliminal 
stimulation (the words HAPPY and 
ANGRY) was not necessarily directly 
related to the conventional meaning of 
these words; i.e., ANGRY did not pro- 
duce only angry expressions in the face 
but more often also tense, anxious, seri- 
ous, pensive, and similar expressions. 
This may partly confirm our assumption 
that the early stages of a perceptual 
process include more varied “possi- 
bilities” than those related to con- 
scious, stabilized cognition, though we 
also have to consider that interaction 
between the subliminal process and con- 
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scious thoughts about the face probably 
contributed to the modification of mean- 
ing. If Stimulus A is very novel, un- 
usual, or controversial, there is reason 
to believe that, in many individuals, 
other possibilities than the correct one 
will influence the B percept, or, in other 
words, that the difference between sub- 
and supraliminal conditions will be con- 
siderable (7). The same will be true of 
differences between individuals in the 
subliminal condition. 

In most of these experiments on per- 
ception beyond awareness, the actual 
descriptions constituted the basic core 
of information. But if subjects could 
become sufficiently relaxed, images and 
by-remarks accompanying the reports 
might be even more important, as dem- 
onstrated by Kragh (8), who used a 
free-association technique in his studies. 
A tendencies which cannot assert them- 
selves within B, and which cannot be 
represented within this frame of out- 
side reality, may very well appear in 
images, associations, denials—or, for 
that matter, they may influence other, 
nonverbal forms of behavior. The study 
of these behavioral aspects should be- 
come more crucial the more resistant to 
change are perceptions of B stimuli. In 
one of the studies just mentioned, for 
instance, differences in latency of reac- 
tions to a B stimulus presented in alter- 
nating combination with the subliminal 
stimuli ANGRY and HAPPY seemed to 
increase as differences in verbal descrip- 
tion of B in these two pairings decreased. 
In other words, where the two different 
A stimuli did not produce differences in 
a subject’s descriptions of B, a face, they 
produced differences in the time taken 
before he started to react verbally (16). 
Dreams reported the morning after the 
experiment have also proved important 
to account for the structures and mean- 
ings in the preconscious A _ process. 
However, only by extending these stud- 
ies to still more general aspects of per- 
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sonality organization can we fully as- 
sess the implications of our findings. 
A preliminary attempt was made in the 
paper just referred to. 

The experiments described here natu- 
rally represent only a few variations of 
the basic method which may be applied 
in many forms to a variety of perceptual 
phenomena. Generally, I think that in 
these experiments, where the A process 
does not have to manifest itself as inde- 
pendent conscious percepts, it will be 
possible to explore very important as- 
pects of the perceptual process that can- 
not be reached in experiments of the Ak- 
tualgenese type. One of the specific 
problems raised by the new method con- 
cerns the interrelations between a per- 
ceptual process, the products of which 
hold the center of awareness, and more 
marginal processes continually evolving 
at the same time—interrelations of im- 
mediate relevance for the study of 
everyday perception and, as has been 
illustrated here, of basic mechanisms of 
control and adaptation. But most im- 
portant of all, both types of experiments 
imply a challenge to the traditional as- 
sumption that perception is an instan- 
taneous event the mechanisms of which 
are reflected only in conscious, unequiv- 
ocal products. 


SUMMARY 


In this paper perception is considered 
as a microscopically short process of 
organization, the prestages of which are 
therefore important objects of study. 


Some theoretical and empirical ap- 
proaches to this genetic analysis of per- 
ception (and personality) are discussed 
together with the topic of subliminal 
perception, which is of particular im- 
portance in this connection. 
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It has been ten years since Voeks (13) 
aroused psychological interest by show- 
ing that contemporary learning theory 
can be used as a basis for individual re- 
sponse prediction. It still remains a 
point of controversy as to whether Ss 
utilize all past experiences in the situa- 
tion (frequency), or whether only the 
most recent experience determines the re- 
sponse (postremity). Voeks found that 
postremity predictions were the more ac- 
curate, even where frequency and post- 
remity led to opposing predictions. Nev- 
ertheless, it was observed that post- 
remity predictions were less accurate 
where they conflicted with frequency 
predictions than where the two did not 
conflict. This suggests that a theoreti- 


cal model which bases predictions upon 
both frequency and recency might lead 
to even more effective response predic- 
tion. 


THEORETICAL MODELS FOR INDIVIDUAL 
RESPONSE PREDICTION 


Contemporary learning theories may 
be divided on the basis of adherence to 
a recency principle or adherence to a 
frequency principle. A brief survey of 
several contemporary theories will make 
this problem explicit. 


Guthrie’s Postremity Predictions 


One group of theorists, whose leading 
exponent is Guthrie, sees recency as 
the important determiner of behavior. 
Guthrie says that stimuli and responses 
become associated in an _all-or-none 


1 The cost of this investigation was met in 
part by a grant from the Research Institute 
of The University of Texas, Austin, Texas. 


fashion by a single contiguous occur- 
rence. There is no problem of strength- 
ening; either the response is associated 
full strength with the stimulus or it is 
not. When the stimulus next occurs, the 
response made last in its presence will 
be repeated. Voeks (14) has formal- 
ized this in her principle of postremity. 
“. . . Astimulus which has accompanied 
or immediately preceded.two or more 
incompatible responses is a conditioned 
stimulus for only the last response made 
while the stimulus was present” (6, p. 
344). For the T-maze situation to be 
investigated in this paper, postremity 
would seem to lead to the prediction 
that the S will choose the same cul he 
chose last in the situation. 


Postremity-Reward Predictions 


Postremity yields a different type of 
prediction if the incentive value of re- 
ward is considered. Where the noncor- 
rection method is employed and no re- 
ward follows a response, the very last 
movement made, after it is discovered 
that no reward is present, might be a 
“fractional” movement toward the op- 
posite goal box. This would lead to the 
prediction that S will respond on the 
next trial by going where he went last, 
if he found reward, but that he will 
respond on the next trial by going to 
the opposite side, if no reward were en- 
countered on the last trial. 


Predictions Based Upon Frequency of 
Response 


In sharp contrast to the Guthrian 
position are theories which say that 
all previous experiences in the situation 
enter into the response determination. 
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Such theories neglect the principle of 
recency entirely.2, Response predictions 
based upon frequency of response might 
be derived from Spence (9), who classi- 
fies maze learning as instrumental be- 
havior. Since reward is not assumed to 
work backwards to strengthen associa- 
tions made along the path to the reward, 
and since it is assumed to function 
through fractional anticipatory responses 
as an incentive motivator only, then it 
follows that increments of associative 
strength (sHr) accrue simply as a func- 
tion of number of occurrences. The more 
frequently an instrumental response is 
executed, the more associative incre- 
ments are added to the strength of the 
habit. The importance of recent events 
in the learning sequence is not empha- 
sized. Thus, frequency of response pro- 
vides another basis for predicting indi- 
vidual behavior. 


Frequency of Reinforcement 


If reward is assumed to reinforce in- 
strumental acts along the path accord- 


ing to a goal gradient, then frequency of 
reward may be employed as another 
basis for predicting individual responses 
in a selective learning situation. 


Algebraic Sum of Positive and Negative 
Cases 


The writings of Hull (7) provide still 
another model for predicting individual 
responses, although he pleads that the 
concept of oscillation will prevent in- 
dividual response prediction from ever 
achieving high accuracy. Hull classifies 
learning in a T maze as a kind of trial- 


2It should be noted that leading frequency 
theorists attempt to sidestep the problem of 
individual response prediction by pointing to 
lack of control and inadequacy in experimen- 
tal techniques. It cannot be denied, however, 
that learning is a phenomenon which takes 
place within the organism; consequently, the 
final test of a theory of learning must be its 
ability to predict and make understandable the 
specific behavior of individuals. 
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and-error learning. Events at the goal 
box strengthen reactions made in arriv- 
ing at the goal according to a diminish- 
ing function known as the “goal gradi- 
ent.” Each time reward follows the re- 
sponse, an increment is added to sEr 
associated with that response, and each 
time a response is not followed by re- 
ward an increment is added to s/r as- 
sociated with the response. Hull states: 
“|. . Wealso tentatively assume, though 
without adequate evidence, that As/r fol- 
lows the same law with the same con- 
stants as AsEr” (7, p. 24). The effec- 
tive reaction potential associated with 
one alternative in the T maze may be 
roughly estimated as sEr = sEr + slr, 
where increments to sEr and s/r are 
scaled directly in terms of reinforced 
and nonreinforced outcomes. This pro- 
cedure admittedly neglects “generaliza- 
tion” of both sEr and s/r, as well as the 
postulated progressive reduction in in- 
crement magnitudes as sEr and s/r ap- 
proach their respective maximums. The 
defense for this procedure is that in a 
random 50-50 T-maze situation these 
factors should very largely cancel out, 
with generalization roughly equal for the 
two alternatives and with the reduction 
in increment magnitudes for sEr matched 
by a similar reduction for s/r. Conse- 
quently, we have still another frequency- 
type model for predicting individual re- 
sponses—i.e., the algebraic sum of posi- 
tive and negative instances associated 
with each response alternative. 


Probability of Reward 


Another theoretical model which yields 
individual response predictions is a cog- 
nitive-probability model. Tolman and 
Brunswik (12) conceived of the organ- 
ism as relating signs to means-objects, 
which in turn are “causally” related to 
desired goals. However, because the 
causal texture of the environment is 
not univocal, the organism develops hy- 
potheses based upon the probabilities of 
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means-objects resulting in desired goals. 
That route or behavior is chosen which 
has the highest probability of leading to 
reward. By considering the relative fre- 
quency of rewarded responses to total 
responses 


for each T-maze alternative, it is pos- 
sible to calculate mathematically a prob- 
ability estimate associated with each al- 
ternative. If this is done before each 
individual response, it may be predicted 
that S will choose the alternative with 
the greater probability of reward. 


Recency-Weighted Probability Model 


As outlined dbove, the probability 
model considers the recency principle 
no more than does a frequency model. 
However, it is tentatively suggested that 
the probability model might be revised 
in a manner compatible with the gen- 


eral theory of Tolman (11), especially 
to include capacities of the organism 
such as “retentivity,” which Tolman em- 
phasizes in his “capacity laws.” This 
revised expectancy theory should pro- 
vide the basis for more accurate re- 
sponse predictions which are based upon 
a weighting of both frequency and re- 
cency. It is recognized that the recency 
principle might be incorporated into con- 
temporary frequency theory as easily as 
into the cognitive model developed here. 

Three steps in the determination of 
a single selective learning response will 
be considered. First, the initial nature 
and magnitude of memory traces must 
be established. Past events in the learn- 
ing sequence can affect present responses 
only through traces left by them within 
the nervous system of the organism. 
Secondly, traces within the memory sys- 
tem are not permanent; consequently 
their decay with time must be consid- 
ered. Finally, selection of the response 
will be considered. 


Joun E. Overatt AND W. Lynn Brown 


Creation of initial traces within the 
memory system. The probabilities of 
reward and nonreward upon which re- 
sponses are based must be determined 
by past experiences of reward and non- 
reward in the situation. Since past ex- 
periences are themselves no longer pres- 
ent, it becomes important to understand 
the process whereby traces of past events 
are created within the memory system 
of the organism. Traces within the 
memory system are conceived to be posi- 
tive or negative and to have greater or 
smaller magnitudes as a function of “ex- 
pectancy.” 

It is proposed that the initial trace 
created within the memory system by a 
behavior outcome will be positive if that 
outcome is more “desirable” than the 
expected outcome, and will be negative 
if the outcome is less “desirable” than 
the expected outcome. An outcome 
which is exactly equal to the expected 
outcome will be neither positive nor 
negative. For example, Tinklepaugh 
(10) found that a lettuce leaf which 
would have had a positive valence un- 
der certain other conditions was re- 
jected as negative by his chimps when 
they expected to find a banana. Crespi 
(2, 3) obtained different performance 
values as a function of expectancy in 
partial and in 100 per cent reinforce- 
ment situations, and Elliott (4) demon- 
strated shifts in maze performance of 
rats resulting from changes in the type 
of food reward. 

It is proposed that the initial magni- 
tude of a positive or negative memory 
trace is a function of expectancy. The 
farther a behavior outcome departs from 
the expected outcome, the greater the 
magnitude of the trace created by it 
within the memory system. Thus, if the 
expectancy of reward is low, a single re- 
warding outcome will create a trace of 
relatively large magnitude. In a situa- 
tion of low-reward expectancy a single 
nonrewarding outcome will create a trace 
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of relatively small magnitude. Con- 
versely, if the expectancy of reward is 
high, then a single rewarding outcome 
will create a relatively small trace and a 
single nonrewarding outcome will create 
a relatively large trace. 

Decay of traces within the memory 
system. Probabilities of reward cannot 
be calculated directly from the initial 
trace magnitudes because earlier traces 
have decayed more than recent ones. 
For the purposes of this paper no the- 
ory of decay is necessary; however, it is 
tentatively assumed that simple decay 
with time adds to the effects of intefer- 
ence from new learning to produce the 
phenomenon. Where both time inter- 
vals between trials and opportunities for 
new learning remain constant in a learn- 
ing situation, it is proposed that each 
trace within the memory system decays 
by a constant fraction upon the occur- 
rence of each new trace. Suppose the 
constant fraction were arbitrarily chosen 
as 10 per cent. A single memory trace 
of initial magnitude 100 might then de- 
cay, successively, from 100 to 90, to 81, 
to 73, to 66, to 59, etc. These new 
values represent the residual magnitudes 
remaining after successive reductions of 
initial trace magnitude through decay in 
the memory system. It follows from 
consideration of the decay function that 
recent events are weighted more heavily 
than less recent ones in the determi- 
nation of probabilities upon which re- 
sponses are based. 

Selection of response. The organism 
weighs the “probabilities” of reward as- 
sociated with each alternative and se- 
lects the alternative associated with the 
greatest “probability” of reward. As 
stated above, it seems unlikely that the 
calculus of a frequency theory of prob- 
ability is used. It has been proposed 
that decay of traces within the memory 
system causes recent events to have 
greater weight than less recent ones 
in determining the probability estimates 
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upon which responses are based. An ap- 
proximation of the “subjective” prob- 
abilities which determine the organism’s 
choice of response can be derived from 
the residual trace magnitudes discussed 
above. Three steps are involved. (a) 
An initial magnitude must be assigned 
to each behavior outcome. (8) A decay 
coefficient must be selected so that each 
memory trace may be reduced in magni- 
tude upon the occurrence of each new 
trace. This determines residual trace 
magnitudes. (c) Positive residual mag- 
nitudes associated with a response are 
then summed to yield 3Pr. Negative 
residual magnitudes are summed to yield 
Nr. The probability of positive out- 
come associated with response (r) is 
then calculated: 


Ue 
P= SP +2ZNr 


This model may be used for indi- 
vidual response prediction by calculat- 
ing the probabilities associated with each 
alternative and then predicting that S 
will select the alternative associated with 
the greatest probability of reward. Pre- 
dictions based upon this model will thus 
be determined jointly by frequency and 
recency of reward. 

An illustration will make clear the dif- 
ferences between predictions based upon 
a recency-probability model and predic- 
tions based upon frequency or tradi- 
tional probability calculations. Suppose, 
to take an extreme example, that S is 
rewarded on five successive trials and 
that he is not rewarded for the next five 
successive trials. For a second example, 
suppose that the first five trials are non- 
rewarded, but that a second five trials 
are rewarded. Frequency of reward, fre- 
quency of response, or an algebraic sum- 
mation of positive and negative out- 
comes fails to distinguish between the 
first and second examples. Likewise, 
probability based upon relative fre- 
quency of reward is the same for the 
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two examples. The recency-weighted 
probability model, which has been tenta- 
tively proposed here, leads to very dif- 
ferent “probabilities” in the two exam- 
ples. To greatly simplify computation, 
suppose that the initial trace magnitude 
of each of the 10 outcomes was 100, 
and that a decay coefficient of 10 per 
cent is accepted. In the first example, 
where reward followed only the first five 
trials, the sum of positive residual traces 
is SPr = 242, and the sum of nega- 
tive residual traces is Nr = 410. The 
recency-weighted probability 


=Pr 


P= SPr+2Nr 


= 0.37 


In the second example only the last five 
of the 10 responses resulted in reward. 
In this case Pr = 410 and SNr = 242. 
The recency-weighted probability in the 
second example is 


=Pr 
P= sPr+zNr~ 9S 
The recurrence of the response is more 
likely where the last five of ten re- 
sponses were rewarded than where only 
the first five of ten were rewarded. 

It should be pointed out that the sto- 
chastic models of Estes and Burke (5) 
and Bush and Mosteller (1) incorporate 
several of the principles emphasized in 
this paper. Estes and Burke quantify 
association theory in such a manner that 
predictions derived from their model are 
based upon both recency and frequency. 
Also, in common with the cognitive for- 
mulation they state, intuitively, that a 
reinforced trial following a sequence of 
nonreinforced trials adds a larger asso- 
ciative increment than one reinforced 
trial in a sequence of reinforced trials. 
This function has been assigned to ex- 
pectancy-based differences in initial trace 
magnitudes in the cognitive probability 
model. The Bush and Mosteller model 
is similar in many respects to that of 
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Estes and Burke; it differs from the 
latter model primarily in the functions 
assigned to reinforcement and _ inhibi- 
tion. It appears likely that both models 
could lead to accurate response predic- 
tions in the experimental situations dis- 
cussed below. Neither of these theories 
was utilized as the basis for individual 
response predictions in the following ex- 
periment because each requires the use 
of an arbitrary (until empirically estab- 
lished) weighting coefficient. If any in- 
vidious comparisons were to result from 
predictions the present writers might de- 
rive from these models, it is quite prob- 
able that selection of other coefficients 
would substantially change the results. 
Further extension of these models by 
their authors into the area of individual 
response predictions is eagerly awaited. 


CHOICE OF EXPERIMENTAL SITUATIONS 


In a great many situations employed 
in typical learning experiments, it is 
impossible to assess the importance of 
order of events in the learning sequence. 
It may be for this reason that recency 
has been neglected in theoretical treat- 
ments of learning. To evaluate the ef- 
fects of recency, a situation is required 
in which one response will occur if fre- 
quency is the determining factor and 
another response will occur if recency 
is the important variable. A selective 
learning situation such as a simple T 
maze should provide the necessary set- 
ting. Nevertheless, it should be noted 
that in many T-maze situations fre- 
quency and recency lead most often to 
identical predictions.- Where reward is 
placed in one goal box on a high propor- 
tion of the trials, the animal soon re- 
sponds predominantly to that side; con- 
sequently, the more frequent and most 
recent response are the same. A T- 
maze situation in which reward is ran- 
domly varied between the two alterna- 
tives at a 50-50 ratio should provide a 





RECENCY, FREQUENCY, AND PROBABILITY 


maximum of response variation. In such 
a situation the difference between fre- 
quency and recency should be most evi- 
dent, and the predictive efficacy of the 
various theoretical models should be put 
to the most difficult test. 


EXPERIMENT I 


This experiment was designed to com- 
pare the relative predictive efficacy’ of 
the theoretical models discussed above. 


Procedure 


Fifteen albino rats of the Sprague-Dawley 
strain were given 25 trials per day for two 
consecutive days on an elevated T maze. The 
noncorrection method was used. All animals 
were experimentally naive at the beginning of 
the experiment, and each was given pretrain- 
ing on a straight runway. During the experi- 
mental trials, reward was randomly varied be- 
tween the alternative goal boxes in a 50-50 
ratio. The schedule of reward placement was 
constructed from a table of random numbers. 

The maze was 4 ft. long by 2 in. wide with 
a starting arm 2 ft. by 2 in. ‘The maze and 
two similar goal boxes were painted a uni- 
form gray. In order to reduce distracting 
extra-maze cues, the experiment was conducted 
in the “dome” room of the Comparative Psy- 
chology Laboratory at the University of Texas. 
The experimental dome is 18 ft. in diameter 
with 5.5-ft. side walls arched to an 8-ft. cen- 
ter. It is constructed symmetrically of wooden 
ribs and covered with a fine mesh screen 
painted silver gray, hence giving a homogene- 
ous surface radially symmetrical about the geo- 
metric center. 


Analysis of Results 


The problem was designed to deter- 
mine which of the theoretical models 
discussed above most accurately pre- 
dicts the individual responses of the fif- 
teen Ss in this experiment. Since fre- 
quency and probability models require a 
minimal amount of past experience upon 
which prediction can be based, no pre- 
dictions were made for the first five re- 
sponses of each day. Thus, predictions 
were calculated for a total of 40 re- 
sponses for each of the fifteen Ss. 
Table 1 compares the accuracy of pre- 
dictions based upon each theoretical 
model. 

The values entered in Column “?” of 
this table are ¢-test values for the dif- 
ferences between the mean accuracy of 
predictions based upon the specified 
model and the mean accuracy of pre- 
dictions derived from the recency- 
weighted model. Since it was pre- 
dicted that the latter theoretical model 
would prove to be a more accurate pre- 
dictor of individual responses than any 
of the other models considered, a one- 
tailed test is appropriate. (See Jones, 
8.) A ¢ of 1.701 is significant at the 
.O5 level, and a ¢ of 2.467 is significant 
at the .01 level of confidence where 28 
degrees of freedom are available. Pre- 
dictions based upon the recency-weighted 
probability model were made by employ- 


TABLE 1 
AVERAGE AccURACY OF RESPONSE PREDICTIONS 








Source of Prediction 


Mean Accuracy 





. Postremity—‘‘go where went last trial” 
y g' 


2. Postremity—“go where went last if rewarded, but 


alternate if not rewarded” 
. Frequency of response 
. Frequency of reward 


. Reaction potential—algebraic sum of positive and 


negative outcomes 
_ Probability (> “ 


=P ) 
=P+2=N 
. Recency-weighted probability model 


65.1 


67.2 
62.2 
64.8 


61.2 
67.2 
75.2 
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ing two gross approximations. The only 
excuses for this procedure are found 
in the accuracy of predictions actually 
achieved, and in the likelihood that more 
precise coefficients should lead to even 
more accurate predictions. The first ap- 
proximation involved the assignment of 
initial trace magnitudes to events in the 
learning sequence. The first rewarded 
or nonrewarded outcome in a succession 
of consecutive rewarded or nonrewarded 
outcomes was arbitrarily assigned a 
value of 100. Each successive reward 
following reward, or nonreward follow- 
ing nonreward, was arbitrarily assigned 
an initial trace magnitude which was 10 
per cent less than the magnitude of the 
trace preceding it. When there was a 
shift from reward to nonreward or from 
nonreward to reward, the first outcome 
in the new sequence was assigned an 
initial magnitude of 100, and each suc- 
cessive outcome in this new run of re- 
ward or nonreward was reduced by 10 
per cent. The second arbitrary approxi- 
mation involved the selection of a 10 
per cent decay coefficient. Upon the oc- 
currence of each new outcome the mag- 
nitude of each residual trace was as- 
sumed to decay to 90 per cent of what 
it was before the occurrence of the new 
outcome. Through the accumulation of 
empirical evidence, it should be pos- 
sible to correct and refine coefficients and 
to secure significantly more accurate pre- 
dictions than those which resulted from 
this approximate method; nevertheless, 
a significant increase in accuracy has re- 
sulted from employing even this rough 
approximation of the theoretical model. 


EXPERIMENT II 


A second experiment was designed to 
compare the relative efficacy of predic- 
tions based upon frequency and recency. 
Since no attempt was made to distin- 
guish between postremity and the re- 
cency-weighted probability model tenta- 
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tively proposed here, the results of this 
experiment may also be interpreted as a 
test of the postremity principle in indi- 
vidual response prediction. 


Procedure 


Thirty hooded rats were Ss in this experi- 
ment, Each was experimentally naive at the 
beginning of the experiment, and each was 
given pretraining on a straight runway. The 
apparatus was an elevated T maze 4 ft. in 
length with starting arm 2 ft. long. All units 
were 2 in. wide, and the maze surface was 
15 in. from the floor. To eliminate extra- 
maze cues, the experiment was conducted in 
the dome room described in Experiment I. 

Each animal received all experimental trials 
on one day. Between each trial, Ss were re- 
turned to a restraining compartment for ap- 
proximately 1 min. of rest. The noncorrection 
method was used throughout the experiment. 
On the experimental day, one trial was given 
to determine any initial preference; no reward 
was present in the maze during this trial. On 
succeeding training trials, reward was always 
present in one of the two goal boxes. A 
schedule of reward placement was constructed 
from a table of random numbers in such a 
manner that reward was predominantly on one 
side of the maze during the first half of train- 
ing, but was then reversed so that it was pre- 
sented predominantly on the other alternative 
for the latter half of training. Specifically, re- 
ward was presented in 9 out of the first 13 
trials on the side initially preferred by the S, 
and then the schedule was reversed so that re- 
ward was presented in 9 out of the last 13 
training trials on the side not initially pre- 
ferred. Following the 26 trials in which re- 
ward was always present in one goal box, 
15 additional trials were administered during 
which no reward was presented. 


RESULTS AND CONCLUSIONS 
Criterion Measure 


An attempt was made to create a 
situation in which frequency and re- 
cency should lead to different predic- 
tions. Because reinforcement is pos- 
tulated to have important effects upon 
the strengths of competing response 
tendencies, responses during extinction 
were selected as best for evaluating the 
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relative magnitudes of competing re- 
sponse tendencies. 

The relative number of responses to 
each alternative during a complete “al- 
ternation cycle” has been utilized by 
Hull (7) as a measure of the relative 
strengths of computing reaction poten- 
tials. He states: 


. . . The momentary oscillation principle does 
not prevent the occurrence of appreciable se- 
quences of one reaction to the exclusion of 
the other. Perhaps the most fundamental con- 
cept ... is that of response alternation. A 
response alternation is said to occur when one 
type of response shifts to the other. For ex- 
ample, in the response-sequence fragment 


R—|R+ R+ R+|R— R—|R+ 


there are three alternations, each marked by 
vertical lines. Our second concept, flowing di- 
rectly from the first, is that of the alternation 
phase; this includes the number of reactions 
falling between two successive response alter- 
nations. Thus, in the above example, the first 
complete alternation phase represented con- 
tains three R+’s. Our third concept is that of 
the alternation cycle. An alternation cycle is 
the succession of responses comprised in two 
successive alternation phases. In the above ex- 
ample, an alternation cycle of 3+ 2, or five 
reactions, is enclosed between the two heavy 
vertical lines. Finally, there is the concept of 
asymmetry of the response cycle; this refers 
to the fact that a behavior cycle may contain 
more reactions in one alternation phase than 
in the other (7, p. 42). 


It is the asymmetry of responses dur- 
ing the first complete alternation cycle 
of the extinction period that is of espe- 
cial interest to us here. Hull shows that 
where the reaction potential associated 
with one response is greater than that 
associated with the other, response al- 
ternation cycles will be asymmetrical, 
with a majority of responses made 
to the alternative associated with the 
greater reaction potential. Thus, the 
relative length of phases during an al- 
ternation cycle is an acceptable cri- 
terion for inferring relative strengths of 
competing response tendencies. Predic- 
tions based upon frequency and recency 
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principles were made for responses of 
the first complete alternation cycle of 
the extinction period, and a chi-square 
test used to determine the significance 
of number of correct predictions. 


Results 


Twenty-one of the 30 Ss made a ma- 
jority of responses, during the first com- 
plete alternation cycle of the extinction 
period, to the alternative on which re- 
ward had been most recently encoun- 
tered. A chi square of 4.033 with 1 df 
is significant at the .05 level of con- 
fidence. 

If it is predicted that a majority of 
responses during the first complete al- 
ternation cycle will be made to the al- 
ternative responded to most recently 
during training, it is found that the be- 
havior of 22 of the 30 Ss is correctly 
predicted. With a one-tailed test, which 
is appropriate in light of the theoretical 
hypothesis of this paper, a chi square of 
5.633 with 1 df is significant at the .01 
level of confidence. 

When it is predicted that a majority 
of responses during the first complete 
alternation cycle will be to the side re- 
sponded to most frequently, the behavior 
of only 16 out of 30 Ss is correctly pre- 
dicted. 

The behavior of 17 out of 30 Ss is 


TABLE 2 


RECENCY AND FREQUENCY PRINCIPLES IN 
PREDICTING MajorITy OF RESPONSES 
Durinc First ALTERNATION CYCLE 
oF ExTINcTION PERIOD 








Predict Majority of Responses | Correct 





1. To alternative responded to 
most recently 22 
2. To alternative rewarded 
most recently 21 
3. To alternative responded to 
most frequently 16 
4. To alternative rewarded 
most frequently 17 
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correctly predicted on the basis of fre- 
quency of reward. Because the total 
number of reward placements was 
equated for the two alternatives, the 
algebraic sum of positive and negative 
outcomes associated with responses to 
each side was always equal. Such a 
model would lead to the prediction of 
an equal probability for each alterna- 
tive or, in other words, to no directional 
prediction in this situation. 


SUMMARY 


1. One of the important controversies 
among contemporary learning theorists 
is the question of whether Ss utilize all 
past experiences equally or whether re- 
cent experiences are of greater impor- 
tance in determining responses in a se- 
lective learning situation. 

2. It is possible to utilize contempo- 
rary theories of learning as a basis for 
individual response predictions. Be- 
cause learning is a change within the 
individual organism, the final test of a 
theory of learning is its ability to pre- 
dict individual behavior. 

3. The work of Voeks indicates that 
postremity predictions are less accurate 
where they conflict with frequency-based 
predictions than where the two predic- 
tions are not opposed, although post- 
remity predictions were more accurate 
on the average in her situation. This 
suggests that a theoretical model which 
bases predictions upon both frequency 
and recency should be superior to one 
which utilizes only one principle or the 
other. 

4. After reviewing models for indi- 
vidual response predictions which may 
be derived from postremity, frequency, 
and probability theories, a predictive 
model was tentatively suggested which 
incorporated both recency and frequency 
into a cognitive theory of learning. 

5. Experiment I presented a T-maze 
situation in which reward was randomly 
varied (50-50) between the two alterna- 
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tives. Individual responses were pre- 
dicted from postremity, frequency, and 
probability models. The accuracy of 
these predictions was compared to the 
accuracy of predictions based upon a 
model taking both frequency and re- 
cency into consideration. The latter 
model was found to predict with sig- 
nificantly higher accuracy than were any 
of the other models from which predic- 
tions were derived. 

6. Expriment II presented a T-maze 
situation in which the reinforcement 
schedule first favored one alternative 
and was then reversed to favor the 
other alternative. The learning period 
was followed by an extinction period. 
The relative number of responses made 
to each alternative during the first com- 
plete alternation cycle of the extinction 
period was used as a measure of the 
relative strengths of competing response 
tendencies developed during the learn- 
ing period. In this situation, it was 
found that recency predicted signifi- 
cantly better than chance, while fre- 
quency predicted only at the chance 
level. 

7. The general conclusion of this pa- 
per is that a theoretical model which in- 
corporates both the principles of recency 
and frequency can predict individual re- 
sponses more accurately than one which 
considers only recency or frequency 
alone. Estes and Burke (5) have dem- 
onstrated that Guthrie’s contiguous as- 
sociation theory can be quantified to 
serve as the basis for predictions which 
are based upon both recency and fre- 
quency. It should be possible for any 
of the contemporary theories of learn- 
ing to incorporate both principles. Until 
frequency and probability theories in- 
clude a recency principle it appears that 
they will be neglecting an important 
consideration, as shown by the growing 
body of data on the relative importance 
of recent events in the learning sequence. 

8. This paper has indicated how a 
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cognitive-probability model might in- 
corporate both recency and frequency 
principles. It is also suggested that re- 


finement of predictions based upon this 
model can be achieved through develop- 
ing coefficients which more accurately 
reflect empirical data. 
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It is generally known that accurate 
execution of movements depends upon 
proprioceptive information reaching the 
central nervous system. Clinical evi- 
dence (7, p. 235) as well as experimen- 
tal findings (8) indicates that control 
and perception of movements are very 
poor when this sensory channel is not 
functioning. 

Little is known, however, about the 
specific characteristics of proprioceptive 
stimulation that permit the individual to 
control changes in position, rate, or ac- 
celeration of his limbs. In other words, 
no detailed theories of proprioception 
comparable to the specific theories avail- 
able for some other sense modalities 
have been developed (7, p. 234). Most 
of the available knowledge in this area 
is based upon anatomical investigations 
of the receptor system, its neural con- 
nections, and its central representations. 
Although several types of receptors have 
been identified (13, p. 1185; 14), dif- 
ferentiation of their function is as yet 
not clearly established. It is thought 
that forces internal to the body act as 


1 This research was supported in part by the 
United States Air Force under Contract No. 
AF 41(657)-70 monitored by the Operator 
Laboratory, Air Force Personnel and Training 
Research Center, Randolph Air Force Base, 
Texas. Permission is granted for reproduction, 
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ogy of the Ohio State University in 1953, and 
is now being continued there. For the past 
year the author has continued research con- 
tributing to this theory at Ohio Wesleyan Uni- 
versity through support from the National 
Science Foundation. 


proprioceptive stimuli, but the processes 
by which these stimuli are encoded into 
messages which ultimately form the ba- 
sis for perception and control of move- 
ments are not well understood (7, p. 
234). 

Behavioral data specifying the rela- 
tions between stimulus and response 
characteristics have been difficult to ob- 
tain because of problems of controlling 
proprioceptive stimuli. Investigators 
have used drugs or faradic currents (8, 
9) as means of reducing the effective- 
ness of proprioceptive stimuli. Re- 
cently, an indirect approach to this 
problem has been attempted. This ap- 
proach consists of varying the type and 
degree of resistance to motion offered by 
a control which S uses in the execution 
of movements. The effect of this varia- 
tion upon S’s ability to perceive and 
control his movements is studied, and 
an attempt is made to infer character- 
istics of the proprioceptive system. As 
a technique of investigating propriocep- 
tion, this approach has obvious limita- 
tions. The forces which S applies to 
move a control are only indirectly re- 
lated to the proprioceptive stimulation 
he receives during the execution of the 
movement. The cutaneous senses are 
also stimulated during movement, and 
unknown transformations are involved 
between the control force acting upon 
the limb and the proximal stimuli act- 
ing upon receptors in muscles, tendons, 
or joints. 

Despite these substantial limitations, 
the approach has some theoretical as 
well as practical advantages. The forces 
required to move a control, and thus 
also the control forces acting upon the 
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limb, can be specified as a function of 
four physical properties of the control, 
and these properties can all be regulated 
conveniently by EZ. They are mass, vis- 
cosity, elasticity, and the degree of cou- 
lomb friction. In a control such as that 
used by Howland and Noble (11) these 
parameters combine according to the fol- 
lowing time-varying system equation: 


L, = K0 + Bd0/dt + Jd°0/dt?, (1) 


where the left-hand side of the equation 
is the force applied by the human arm, 
the right-hand side represents the com- 
ponent resistive forces offered by the ex- 
ternal control, ZL; is the torque required 
to move the control at any instant of 
time (¢), K is the constant of elasticity 
of the control, B is the viscosity con- 
stant, J is the moment of inertia, and 0 
is the angular displacement of the con- 
trol with respect to its neutral, or spring- 
centered, position (6). Coulomb fric- 
tion has been neglected in this equation, 
as have the internal resistive forces in 
the limb itself. 

It has already been pointed out that 
the force which the control exerts upon 
the limb may not be equated to proprio- 
ceptive stimuli. However, one may as- 
sume that the forces which do act as 
proprioceptive stimuli during the move- 
ment of limbs are determined by physi- 
cal properties of our limbs analogous to 
those specified in the above equation for 
the control. Previous investigation (4) 
has already established some of these 
physical properties of limbs and their 
significance in relation to the control of 
movements. These physical properties 
of limbs are difficult to control, and the 
present approach attempts to infer their 
function in proprioception by studying 
the effects of analogous characteristics 
of controls where these properties can 
be manipulated conveniently. 

From an applied viewpoint, this ap- 
proach may be useful in that the data 
are relevant to the solution of human 
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engineering problems related to the de- 
sign of controls used in man-machine 
systems, or to the design of prosthetic 
devices. 

In the present article some general hy- 
potheses are developed about the effect 
of each of the physical control parame- 
ters specified in Equation 1, and data 
are reported which test these hypotheses. 

Inspection of Equation ! shows that 
the torque needed to move the control 
depends upon its position, rate, and an- 
gular acceleration, the relative impor- 
tance of these depending upon the re- 
spective values of the elasticity, damp- 
ing, and inertia constants. Thus, if the 
elasticity constant K is zero, the torque 
required to move the control will be in- 
dependent of its position, but if K is 
relatively large, the torque will vary 
largely as a function of position. Analo- 
gous relations exist between the damp- 
ing constant B and angular velocity, and 
between the moment of inertia and an- 
gular acceleration. 

It is now hypothesized that a man can 
use the force cues obtained in moving 
the control to improve his perception of 
position, rate, and acceleration of limb 
motion. Specifically, it is hypothesized 
that the elasticity constant of the con- 
trol improves S’s ability to perceive and 
control positions, the damping constant 
improves perception and control of rate, 
and the moment of inertia improves the 
perception and control of acceleration. 
Thus, an increase in each of these con- 
trol constants should lead to improve- 
ment in the corresponding behavior. At 
the same time, it is hypothesized that 
an increase in any of the control con- 
stants will affect adversely.-performance 
which is aided by the other constants. 
Thus, increases in K are expected to in- 
terfere with the control and perception 
of rate and acceleration, while increases 
in B and J will affect adversely the con- 
trol and perception of position. This hy- 
pothesis suggests itself, since the force 
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required to move the control would not 
be expected to provide useful cues for 
the control of rate if it changes rapidly 
with position, and, conversely, it should 
not offer useful cues for the detection of 
position if it varied greatly as a func- 
tion of rate or acceleration. 

Several experiments have been con- 
ducted in which the accuracy of move- 
ment was studied as a function of the 
physical characteristics of controls (1, 2, 
3, 10, 11). A few of these (1, 2, 10) 
were designed specifically to test the 
above predictions. In one study (2) 
Ss performed simple circular and tri- 
angular control motions with a joystick 
control which was loaded with various 
degrees of spring stiffness, or damping, 
or mass. In each control-loading con- 
dition, the movements were first prac- 
ticed with the help of a visual guide and 
paced by means of a metronome. The 
visual and auditory guides were then re- 
moved, and Ss were instructed to repro- 


duce the motions as accurately as pos- 


sible. Photographic records of all mo- 
tions were obtained and measured for 
accuracy of temporal and spatial repro- 
duction. It was found that au increase 
of viscous damping or of inertia of the 
control resulted in greater uniformity of 
speed within individual motions, and also 
in greater uniformity of speed in suc- 
cessive reproductions of the same mo- 
tion. In the case of the triangular 
motions, increased mass and increased 
damping led to greater uniformity of 
peak velocity on each side of the tri- 
angle on successive trials. Spring load- 
ing interfered with the control of rate 
and acceleration, but its effect upon 
spatial accuracy of the reproduced mo- 
tion was, in general, not significant. It 
was suggested that extended practice is 
needed for effective utilization of cues 
provided by spring loading. 

This hypothesis was checked in a sec- 
ond experiment (1) in which the accu- 
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racy of positioning a horizontal arm con- 
trol was investigated as a function of 
changes in the torque-displacement re- 
lation of the control. Extended prac- 
tice was given and knowledge of results 
was provided. It was found that posi- 
tioning errors are smallest when the 
ratio of relative torque change to dis- 
placement is largest. Under optimum 
conditions of spring loading, average po- 
sitioning errors were less than half the 
amount obtained for a control which was 
not spring loaded. It was concluded 
that force cues provided by a spring- 
loaded control can improve the accu- 
racy of positioning a control, and that 
the amount of improvement is a func- 
tion of the relative and absolute torque 
change per unit of amplitude change. 

Further investigation * of the useful- 
ness of force cues in regulating the am- 
plitude of motion has supported the 
above conclusions. It was shown that 
the transmission of amplitude informa- 
tion can be increased significantly by 
spring loading the control used by Ss. 
Optimum results were obtained with a 
control which provided geometric incre- 
ments of force as a function of arith- 
metic changes of amplitude. This con- 
dition provides force cues which are 
equally discriminable over the range of 
amplitudes employed (12, 15), and 
yields the largest number of absolutely 
discriminable categories of amplitude re- 
sponse. 

Although the above results support 
the general hypotheses regarding the ef- 
fects of K, B, and J constants upon the 
control of movements, many questions 
remain unanswered. In order to estab- 
lish that the observed effects are due to 
changes in proprioceptive stimulation, it 
will be necessary to control cutaneous 
sensitivity. It is hypothesized here that 
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the contribution of cutaneous receptors 
is most significant in relation to minute 
manipulatory responses, and least sig- 
nificant for larger movements of the 
type dealt with here. 

Further problems arise because the 
control parameters under discussion have 
certain mechanical effects upon the na- 
ture of movements, and these must be 
separated from the effects upon pro- 
prioceptive stimulation. Large amounts 
of damping, for example, make rapid 
movements difficult and fatiguing, and 
greater uniformity of movement rate 
observed under these conditions may 
reflect mechanical effects rather than 
improved proprioceptive discrimination. 
The identification of these mechanical 
effects becomes more difficult when con- 
tinuous movements are dealt with, as 
was shown in the study by Howland 
and Noble (11). Interactions among 


the physical parameters of controls may 
cause complex mechanical effects such 


as oscillation, and these may obscure or 
counteract the effects due to augmented 
proprioceptive stimulation. In general, 
the analysis of K, B, and J effects is 
relatively simple for discrete, adjustive 
movements of the type primarily dealt 
with so far, but becomes increasingly 
complicated for complex or continuous 
motions. 

Work now in progress attempts to es- 
tablish relations between the forces ex- 
erted upon a control, and intensity of 
stimulation at the receptors in the elbow. 
This analysis is based upon a simplified 
mechanical model of the arm (16) by 
means of which forces acting upon the 
hand are resolved at the elbow joint (5, 
p. 319). In this manner it may become 
possible to infer changing intensities of 
stimulation of receptors at the joint dur- 
ing the course of movements. 

Ultimately, the development of pro- 
prioceptive theory described here must 
be supported by a more direct analysis 
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of K, B, and J factors within the body, 
and their effects upon the perception and 
control of movements. This, in turn, 
will require a better understanding of 
the biophysical principles by which 
forces internal to the body are brought 
to bear upon proprioceptive receptors. 
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